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This small book on quantitative analysis consists entirely of a 
series of articles which appeared in the School of Mines Quar- 
terly, Volume XXV. It was written primarily, to furnish the 
engineering students at Columbia University, particularly the min- 
ing engineers, with the directions required for their course in 
quantitative analysis. Also, as so many men now enter the min- 
ing course with advanced standing from other universities, col- 
leges and schools, it seemed advisable to show in this way what 
we require from our mining students in quantitative work. 

No attempt is made to cover the entire field of inorganic 
analysis ; but a few important analyses are given in considerable 
detail ; the aim being to describe these analyses with enough 
explanation for the student to work understandingly and with an 
appreciation of the modern theories of chemistry. References will 
be found at the end of the chapters to books and articles giving 
additional information on the subjects treated ; and the last chapter 
is devoted entirely to references on important analyses which are 
not given in the text or required in the course for mining 
engineers. 

In describing some well-known methods, it is not always pos- 
sible to give to each chemist exactly the credit he deserves in its 
development, so acknowledgment is made here to all the stand- 
ard books on the subject, and special references arc made to the 
more recent journal articles. The methods as described in many 
cases embody the results of investigations, which have been car- 
ried out in the Havemeycr laboratories by the recent graduates in 
chemistry. Acknowledgment is made to this work and also to 
Dr. Morgan, Dr. Sherman and Dr. Joiiet for helpful suggestions 
and corrections. 

E. H. M. 
Quantitative Laboratory, 

Columbia UNivERrrv, Dec. 31, 1903. 
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iS ON Quantitative Analysis 
FOR Mining Engineers. 



CHAPTER I. 

Ionization. 

Chemistry to-day must consider, besides atoms and molecales, 
ions. Ion was the name given by Faraday to the moving par- 
ticles in a solution which carried the electric current. Many years 
later, in 1887, Arrhenius, in attempting to explain the abnormally 
high osmotic pressures given by many aqueous solutions, discov- 
ered that only those solutions which conducted the current gave 
these high osmotic pressures, and so decided that there were pres- 
ent in such solutions particles other than molecules, which he 
designated by Faraday's name of ions. 

Although there is now abundant evidence of the existence of 
ions, a few words on osmotic pressure may not be out of place, as 
it affords one of the most convincing proofs of ionization. It has 
been shown by experiment that the laws of gases in regard to 
pressure and temperature apply equally to substances in solution. 
Here the volume is the volume of the solution, and the pressure is 
nnt exerted, as in the case of gases, on the walls of the containing 
vessel; but requires for its detection a semi -permeable membrane 
of such a nature that the solvent can pass through, but the dis- 
solved substance cannot. Such diaphragms were made by Pfeffer 
in 1877, and with them lie showed that the osmotic pressure of 
such substances as sugar obeyed the gas laws; that doubling the 
number of molecules of su^ar, dissolved in a given volume of water, 
doubled the osmotic pressure, and also that increasing the tem- 
perature increased the pressure in the same ratio as for gaseous 
molecules. 

This important agreement having been shown for a number of 
substances, usually organic, it was found that there were many salts 
and other inorganic compounds, such as acids and bases, which did 
not obey the law, but which gave osmotic pressures greater than 
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those calculated from the number of molecules present, so that, as 
the pressure depended on the number of particles, there must be 
more particles than molecules present This gave rise to the theory 
of ionization or electrolytic dissociation which is : that many com- 
pounds, such as salts, when they are dissolved in water are disso- 
ciated into ions, and that these smaller particles conduct the electric 
currentand are the active elements in most chemical reactions. When 
a simple salt dissolves in water, such as sodium chloride,two ions 
are formed, Na and CI ; in this case the ions coincide in chemical 
formula with the atoms,but they differ chemically. If we place the 
metal sodium, with which we are familiar, in water, an immediate 
reaction results with the evolution of hydrogen and the formation 
of caustic soda ; and also the familiar chlorine is a gas of disagree- 
able odor and active properties, which differs entirely from the 
chlorine ion. The difference between these elements in the ordi- 
nary and in the ionic condition is one of electric charge. 

The ions do not always coincide with the atoms, however ; when 
cupric sulphate is dissolved in water we have Cu and SO^ ions, the 
solution being blue on account of the presence of the Cu ions ; 
if a current of electricity is passed through such a solution the cop- 
per ions travel to the cathode ; and as the positive charges of elec- 
tricity they carry are neutralized by the negative current, the blue 
copper ions are converted to the red metallic copper which de- 
posits on the cathode. 

The electric charge carried by the equivalent weight in grams of 
any element or radicle is 96,540 coulombs, so to liberate one gram 
of hydrogen by the electrolysis of water we must supply 96,540 
coulombs of electricity. As in cupric sulphate, copper is a diatomic 
element, the hydrogen equivalent is one half the atomic weight, so 
that 96,540 coulombs will deposit 31.8 grams ; or we may say that 
the cupric ion carries a double charge of electricity. This is 
designated Cu, to show two positive charges. The importance of 
this quantity of electric charge, not only from the theoretical, but 
also from the practical standpoint, is seen when we consider solu- 
tions of an element in two degrees of oxidation or where the ion 
has difference degrees of valence or of electric charge. Take, for 
example, solutions of cuprous and of cupric salts, with the cuprous 
there is but a single charge of electricity, with the cupric a double; 
so 96,540 coulombs will deposit from a cuprous solution 63.6 grams 
of copper and from a cupric 31.8 : or if we consider the amperage. 
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the same current will in the same time deposit twice the copper 
from a cuprous that it will from a cupric solution. v 

This shows the intimate connection which exists between the 
valence of an ion and its electric charge. It is accompanied often 
by marked physical differences. 

Compare solutions of potassium manganate * and potassium per- 
manganate, one green the other purple, but both composed of the 
same ions, K and MnO^. The only difference is that with the 
manganate we have K, K and MnO^, while with the permanganate 
K^ and KTiiO^, the anion or negative ion has a double charge in the 
manganate. Similarly there is a difference between the colors of 
ferrous chloride and of ferric chloride depending on whether the 
Fe ion has two or three positive charges. 

The following list t gives the most important cations and anions : 

Cations. 

Monovalent. — H in acids, K, Na, Li, Cs, Rb, Tl, Ag, NH^, Cu 
(cuprous), Hg (mercurous). 

Divalent — Ca, Sr, Ba, Mg, Fe (ferrous), Cu (cupric), Pb, Hg 
(mercuric), Co, Ni, Zn, Cd. 

Iriualent, — Al, Bi, Sb, Fe (ferric). 

Tetravalent, — Sn, Zr. 

Anions. 

Monovalent — OYi in bases, F, CI, Br, I, NO3, CIO3, CIO,, BrO,, 
MnO, (permanganates) and the anions of all other monobasic acids, 
/. e,y the acid molecule minus one hydrogen which goes to the 
kathode. 

Dwalent. — S, Se, Te, SO,, SeO,, MnO, (manganates) and the 
anions of dibasic acids. 

Tri' to Hexavalent, — The anions of tri- to hexavalent acids. 
Elementary anions with a valence of more than two are not known. 

The degree of ionization is measured most readily by finding 
the electrical conductivity of the solution, for this is dependent on 
the number of ions present and the rate at which they move ; and 
is more convenient than obtaining the results from the osmotic 
pressure, on account of the difficulty in making diaphragms which 
shall resist these enormous pressures and at the same time not let 
through any of the dissolved substance. In this way it is shown 
that most organic compounds are practically undissociated into ions. 

♦ Add a little alkali to prevent rapid decomposition. 

-('Taken from Ostwald's Scientific Foundations of Analytical Chemistry. 
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It is true that organic adds and bases are dissociated in aqueous 
solution, but the great majority of the important organic com- 
pounds, such as alcohols, ethers, carbohydrates, hydrocarbons, etc., 
are practically without appreciable ionization. 

The extent of the ionization of some of the typical inorganic 
compounds is as follows: In a tenth normal solution most sim- 
ple salts such as potassium sulphate, sodium nitrate, potassium 
chloride, ammonium chloride and so on, are almost completely dis- 
sociated. There are but few exceptions to this statement; one is 
the salts of cadmium and another those of mercury, the most im- 
portant being mercuric chloride, and the fact that the nitrate gives 
many reactions which are not obtained from the chloride, may be 
explained by the inertness of the chloride, due to lack of dissocia- 
tion into ions. With acids the dissociation is into hydrogen ions 
and negative ions consisting of the negative element or radicle as 
A, CI; rt,NO,;ll, C,H,0,;ri. rf.SO/, S, ri,C,0^.etc. The con. 
centration of the hydrogen ions measures the strength of the acid 
In a tenth normal solution the percentage of ionization is as fol- 
lows : Hydrochloric acid, 99.5 per cent.; nitric acid, iOO per cent; 
sulphuric acid, 69 per cent; acetic acid, I.4 per cent.; carbonic acid, 
0.174 P^*" cent; sulphydric acid (H,S), 0.075 per cent; boric acid, 
0.01 3 per cent These values give definite expression to the ideas 
concerning the relative strengtli of acids though they contradict 
some of the old views : for instance, it has been often stated that j 
sulphuric acid is the strongest, because it will displace other acids I 
from their saltfe, but it is less ionized than hydrochloric acid, and 1 
the fact that when evaporated with sulphuric acid, chlorides are 
changed to sulphates, is explained by the easy volatibility of hydro- 
chloric acid and is not a proof that sulphuric is the stronger acid. 

Similarly the strength of a base depends on the concentration J 
of the OH ions. At a dilution of tenth normal, potassium hy-. 
droxide is 100 per cent, dissociated, sodium hydroxide, 95.3 perl 
cent and ammonium hydroxide only 1.6 per cent. So that nitricl 
and hydrochloric acids bear almost the same relation to acetic acid| 
as the fixed caustic alkalies do to ammonia. 

Ionization increases with dilution to a very marked degree i 
that at an mfinite dilution all ionizable substances are completely 1 
dissociated. The effect of dilution is shown by the foliowingj 
values for monochloracetic acid: Nj2. 5.4 per cent dissociated;! 
A78, 10 57 per Cent ; A732, 20 per cent. 
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Temperature has but little effect on the degree of ionization, but 
a very considerable influence on the rapidity with which the ions 
travel ; so that rise in temperature increases the conductivity of the 
solution as it increases the rate of migration of the ions, and there- 
fore must be considered in calculating the ionization from the con- 
ductivity. 

So far water alone has been considered as the solvent, as it has 
the greatest dissociating power ; in other solutions the degree of 
ionization is much less; but water itself, although usually con- 
sidered a non-conductor, is dissociated very slightly, and is found to 
contain one gram of hydrogen ions to twelve million liters. As 
will be explained later even this infinitesimal ionization makes 
w^ater a reagent of importance in a number of quantitative reactions. 

The reaction in neutralizing sodium hydroxide by hydrochloric 
acid is usually written : NaOH + HCl = NaCl + Hp. 

This represents the weights which take part in the reaction and 
if we evaporate off the water, the calculated quantity of sodium 
chloride will be obtained. But while in solution these substances 
are not all present as molecules, and if we perform the neutral- 
ization with solutions more dilute than tenth normal, so that the 
ionization of the acid, alkali and salt is practically complete, we 
shall have : 

NalOH + HICI = Na|Cl + H^O 



or on both sides of the equation we have Na and CI ions, but in- 
stead of H ions and OH ions we have undissociated water. So 
that the essential part of this and every other reaction of neutrali- 
zation is the formation of water. This is strikingly confirmed by 
the fact that the heat of neutralization of equivalent quantities o 
caustic alkali by different strong acids is the same, 13,700 calories 
for the equivalent weights in grams. 

The following may emphasize the importance of considering 
-what is present in a solution instead of what was dissolved to pro- 
duce it : Suppose the formula weight in milligrams of potassium 
chloride and the formula weight in milligrams of sodium nitrate 
are dissolved together in a large volume of water so that the dis- 
sociation is complete ; and that in another vessel in an equally large 
volume of water, the formula weights in milligrams of potassium 
nitrate and of sodium chloride are dissolved. The two solutions 
are identical for there are present in each the same number of the 
same four ions Na, K, CI and NO^. 
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The characteristic colors of solutions are due either to the color 
of the ion or the color of the molecule. When solutions of nickel 
or copper are evaporated to fumes with sulphuric acid, they lose 
their characteristic colors, for when the water has been removed 
there is no longer ionization — or color. Cobalt chloride dissolved 
in alcohol is blue, the color of the molecule ; when water is added 
it becomes pink, showing the color of the ion. In the same way 
cupric chloride changes from brown to blue. The change in the 
colors of indicators is due to the passing from an ionized salt of 
the indicator to an undissociated molecule. 

While it is not claimed that there is no reaction without ioniza- 
tion it is certain that in the case of aqueous solutions of inorganic 
compounds we are dealing with ionic reactions. In qualititative 
analysis most of the tests are tests for ions, as silver nitrate for the 
chlorine ion; but if sodium chlorate is dissolved in water and silver 
nitrate is added, no precipitate of silver chloride is produced; for 
though there is chlorine present there are no chlorine ions, as the 
dissociation is into Na and CIO3. Also with a solution of sodium 
chlorplatinate there is no production of silver chloride but a yel- 
low precipitate of silver chlorplatinate is formed, a test for the 
PtCl, ion. 

When ammonia is added to a solution of ferric chloride or any 
other solution containing ferric ions, ferric hydroxide is formed ; 
but no such reaction takes place when it is added to a solution of 
potassium ferricyanide, although it contains iron in the ferric con- 
dition, for the ionization is into K ions and Fe (CN)^ ions. If a 
test for the Fe(CN)j ion is applied in each case, for example ferrous 
ions, nothing results with the ferric solution; while with the ferri- 
cyanide a characteristic precipitate is formed, Turnbull's blue. 

As inorganic qualitative analysis is made up largely of such 
tests and separations, there is no lack of further illustrations of the 
application of the theory of ionization to this important branch of 
analytical chemistry. 
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Mass Action. 

In order to understand the most important effects of ionization 
on quantitative analysis, the law of mass action must be con- 
sidered in an elementary way. This will be done by taking it up 
first in connection with molecular and then with ionic dissociation. 

Dissociation was the name given originally by Deville to the 
separation of a molecule into smaller molecules by heat. For in- 
stance, when hydriodic acid gas is heated above 1 8o°C. it begins to 
separate into hydrogen and iodine. This decomposition increases 
as the temperature is raised still fu rther and decreases on lowering 
the temperature again, so that for hydriodic acid the amount of 
dissociation is always the same at a given temperature and pres- 
sure. This is often expressed as follows : 2HI ^~^ H, -|- 1^ which 
shows that the reaction may go from right to left or from left to 
right depending on conditions. Ammonium chloride dissociates 
readily into ammonia and hydrochloric acid gasss, so that when 
this process is complete, there will be present double the number 
of molecules and, according to Avogadro's law, double the pressure 
if the volume is unchanged. This is a disturbing feature in those 
methods of molecular weight determination which rely on vapor 
density determinations, for the molecular weight decreases with 
increasing dissociation as the temperature rises. With sulphur 
the molecular weight at low temperatures shows eight atoms in 
the molecule, while at 86o°C, there are only S^ molecules present. 
Ferric chloride gives values agreeing with the formula Fe,Clj at 
320-440° but dissociates at higher temperatures. Nitric oxide 
is a mixture of NO, and N,0,, at ordinary temperatures, but if the 
the temperature is raised the density diminishes until at 150° 
remains constant at 22.9 compared to H, as unity, which agrees 
closely with the calculated weight for NO,. 

In all such cases there is for each condition of temperature and 
pressure a definite state of equilibrium at which the proportion of the 
two gases is constant. If •' reaction velocity " is considered as the 
rate at which this condition is approached, then the state of equilib- 
rium will be that inwhich the reaction velocities are equal. In the 
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reaction N^O^ ^I^2NOj,. When the state of equilibrium is reached, 
just as much N,0^ is formed in each second by the combination of 
NO, as is dissociated into NO,. While there is reaction going on, 
as the two eflfects are equal in amount and opposite in direction, 
the effect is nothing and a condition of equilibrium exists. The 
principle that the reaction velocity at any moment is proportional 
to the masses of the substances then present, is called the law of 
mass action. 

Guldberg and Waage found that the rate of chemical action 
(reaction velocity ) was proportional to the active mass of each of 
the reacting substances ; that is, to the number of gram molecules 
or formula weights per liter, whether as a gas or in solution. The 
following instances illustrate how important the influence of mass 
is in some familiar reversible reactions : CaCO, ^^ CaO + CO,. 
At high temperature we have the condition of equilibrium dis- 
turbed, dissociation increases and if the active mass of carbon 
dioxide is decreased by removing the gas the tendency for the re- 
verse reaction is checked and the reaction soon proceeds com- 
pletely from left to right. On the other hand, when carbon diox- 
ide is passed over cold lime the reverse reaction takes place. 

When steam is passed over red-hot iron an oxide of iron is 
formed and hydrogen ; while if the oxide is heated in a current 
of hydrogen aqueous vipor and metallic iron are produced. The 
action is reversible, depending on the active mass of the sub- 
stances present ; in the first case there can be no concentration of 
the hydrogen as it is constantly displaced by fresh quantities of 
steam ; while in the second case the concentration of the steam is 
prevented by the current of hydrogen. 

In accordance with this law, if to a dissociated substance one or 
more of the products of dissociation is added, the degree of dis- 
sociation is diminished, because the active mass is increased and 
the tendency to the reverse reaction strengthened. When phos- 
phorus pentachloride is vaporized, it is very largely dissociated 
into phosphorus trichloride and chlorine, but if vaporized in an 
atmosphere of chlorine, this is prevented by the mass action of 
the chlorine and the molecular weight is found to correspond very 
nearly to that calculated for phosphorus pentachloride, instead of 
to about half that value. 

These principles have a most important bearing on analytical 
chemistry : for instance, lead can be precipitated as sulphide, from 
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a solution very slightly acid with hydrochloric acid ; while on the 
other hand lead sulphide, whether natural or artificial, can be dis- 
solved readily in strong hydrochloric acid. This is evidently a re- 
versible reaction. 

PbS + 2HCI "^ H^S + PbCl^. 

In order to have it proceed from left to right, the active mass of 
the hydrochloric acid must be large and that of the sulphuretted 
hydrogen small. This is accomplished by using a considerable 
quantity of strong acid and allowing the sulphuretted hydrogen to 
escape from an open vessel, or better by heating. To get the re- 
verse reaction the concentration of the acid must be reduced by 
neutralization or dilution, and that of the sulphuretted hydrogen 
increased by passing a steady stream of the gas through the solu- 
tion. If the lead is to be precipitated completely the conditions 
must be such that the direct reaction is entirely prevented, t. e., 
there must be very little acid present. The same considerations 
apply to other sulphides, such as that of cadmium, and to other 
precipitates as well. 

Effects of Mass Action on Ionization. 

Just as the laws of gases have been found to apply to ions in 
solution as well as to gaseous molecules, as is shown by the os- 
motic pressures of electrolytes, so the law of mass action is found 
to apply to the ions in solution ; and the effect of mass is the same, 
whether the dissociation is like that of gases into smaller molecules 
or in solution of an electrolytic nature into ions. 

The addition of an ion in common drives back the dissociation. 
An illustration of this is found in the fact that while aluminum 
hydroxide is perceptibly soluble in an excess of ammonia, this 
solubility is diminished by the presence of ammonium chloride or 
other ammonium salt. As ammonium hydroxide is slightly dis- 
sociated and ammonium chloride almost completely, the mass ac- 
tion of the increased ammonium ions drives back the dissociation 
of the ammonia, and so readily diminishes the concentration of the 
hydroxyl ions to such an extent that it is too weak an alkali to 
dissolve aluminum hydroxide. 

The weakening of acetic acid by the addition of an acetate, or 
the driving back of the dissociation by the addition of an ion in 
common, can be very strikingly shown by the following experi- 
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ment : If to a solution of ferric acetate, slightly acid with acetic 
acid, sulphuretted hydrogen water is added, no black precipitate is 
found, but only a separation of sulphur due to the reduction of the 
iron ; but if to another portion of the same solution a considerable 
quantity of sodium acetate is added and then sulphuretted hydro- 
gen water as before, a heavy black precipitate of ferrous sulphide 
will form immediately, because the mass action of the acetions 
(CjHgO,) has driven back the dissociation of the acetic acid to such 
an extent that it can no longer dissolve iron sulphide.* 

To illustrate this action numerically let : 

a = the concentration of H ions in gram molecules per liter. 

d = the concentration of C^HjO, ions in gram molecules per liter. 

c = the concentration of undissociated acetic acid molecules in 
gram molecules per liter. 

>fe = a constant. 

The law of mass action states that the product of the concentra- 
tions of the ionized portion equals that of the undissociated portion 
times a constant, which is dependent on the nature of the substance, 
the temperature and the pressure ; or using the letters to designate 
these concentrations ad = kc. With acetic acid this would mean 
that the product of the concentrations of the hydrogen ions and 
the acetions equalled the concentration of the molecules of acetic 
acid times i. 

Let us suppose that there are present a weight of acetic acid 
equal to that of two hundred gram molecules at a dilution nearly 
tenth normal, that is very nearly 6 grams of actual acetic acid per 
liter. We shall have dissociation to the extent of about i .5 per cent, 
or three gram hydrogen ions, three gram acetions and one hundred 
and ninety-seven gram molecules of acetic acid. Substituting these 
values for a, b and ^, we get 

3 X3 =0.04568 X 197. 

Now if two hundred gram molecules of sodium acetate are added, 
as this is practically completely dissociated into Na and C^H^Oj 
ions, we are adding two hundred more gram acetions and the situ- 
ation would be represented as follows : 

3 X (200 + 3) = 0.04568 X 197. 

*For experiments illustrating ionization mass action, etc., see an article by A. A. 
Noyes and Blanchard, Journal of the American Chemical Society^ 22, 727, from which 
some of the experiments described here are taken. 
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This is evidently impossible, and contrary to the law of mass 
action. The addition of the acetions has disturbed the condition 
of equilibrium and it will only be regained by acetions recombining 
with hydrogen ions and forming more undissociated molecules of 
acetic acid until we again have nb=kc. This occurs when ap- 
proximately 3.955 ol^ the three gram ions present have recombined, 
leaving 0.045 gram hydrogen ions, 200.045 gram acetions and form- 
ing 199.955 gfatn molecules of acetic acid, giving 0.045 >^ 200,045 
= 0,04568 X 199 955 or 9 -(- = 9 -I- approximately. 

By this means the hydrogen ions have been diminished from 
three grams to 0.045 gram and the percentage of dissociation 
reduced from 1.5 to 0.0235. So that by the addition of an equal 
number of molecules of sodium acetate the acetic acid has been 
made weaker than sulphydric — as shown in the experiment with 
ferric acetate. 

When the addition of a completely ionized salt is made to a sub- 
stance which is very largely ionized, like sodium chloride to hydro- 
chloric acid, the effect is small, If we consider in tlie same way, 
one hundred gram molecules of hydrochloric acid, ninety per cent. 
ionized we have, 

{H}90x {a)90=Siox lo(HCl) 

L When one hundred gram molecules of sodium chloride are added 
; immediate effect would be, 

(H)90X (0)190= 810 X 10 HCI, 
iid to restore equilibrium about eight more gram molecules of 
ydrochloric acid are formed: then, 



( (Cl}i82 = 8iox iS, 

n ions are only reduced from ninety to 



(H)82 
the grams of hydrog 
Bghty-two. 

I Iflhe dilution were greater so that the ionization would be com- 
■te, the addition of a solution containing an ion in common would 
without effect. 

Mass Action on Indicators. 
le very confusing action of indicators is explained by the mass 
of ions in solution. Only the two indicators most gener- 
used will be discussed. Phenol phthalein is an extremely weak 
id, hardly dissociated at all in aqueous solution, the molecule is 
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colorless, the anion is red. If to water containing a few drops of a 
very dilute solution of the indicator, a strong base like sodium 
hydroxide is added, the sodium salt of the weak acid is formed, 
which is immediately dissociated and an intense red color is pro- 
duced, due to the ions. When an acid, stronger than that of the 
indicator is added to the red alkaline solution, the first reaction is 
with the excess of alkali, giving as the net result undissociated 
water, as already explained ; then the sodium salt of the indicator 
is affected, yielding the nearly undissociated phenol phthalein ; and 
if the acid used is strong, the change to colorless is instantaneous, 
due to the driving back of the few dissociated molecules of the 
phenol phthalein by the hydrogen ions of the acid. To get a sharp 
change to colorless the concentration of the hydrogen ions from 
the acid must be sufificient to drive back the dissociation of the 
indicator by an excedingly small excess of acid. Hence the weaker 
the acid o\ the indicator the less the excess of acid required to 
turn it and so phenol phthalein, which is one of the weakest acids 
known, serves as an accurate indicator for the weak organic acid 
as well as for the more highly ionized mineral acids. 

In passing from the acid to the alkaline solution (red with phenol 
phthalein) to get a sharp change in color, it is necessary that the 
salt formed be unaffected by the hydrolytic action of the water 
present. It has been stated that water was ionized though to an 
almost infinitely small extent, but even this has its effect, and when 
the salt formed is very unstable, as the ammonium salt of phenol 
phthalein, there is a tendency for a reverse reaction, NH^|R + H|OH 
= NH^|OH + HR,* with the formation of undissociated phenol 
phthalein and no color. This action is entirely overcome by more 
ammonia, but it prevents a sharp end point with this indicator, 
when a weak base is used for neutralizing. 

Methyl orange is also an acid but much stronger than phenol 
phthalein, the color of the molecule is red, that of the negative ion 
yellow. Like other weak organic acids, when this indicator is dis- 
solved in water it is partly dissociated, so that there are present 
both the red molecules and the yellow ions, which give the so- 
called neutral color of the indicator. The addition of hydrogen 
ions immediately drives back this dissociation and gives only the 
red molecules of the indicator (acid color) ; while with alkali the 



* The phenol phthalein radicle is designated by R. 
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salt is formed which is dissociated, giving yellow ions (alkaline 
color). 

Let us now compare the action of these two indicators. If to 
■water containing each we add an exceedingly small amount of an 
acid which is stronger, more ionized than either, the color of the 
molecule is obtained with each. If we add to each an acid less 
ionized than methyl orange but more ionized than phenol phthalein, 
this will be without effect on the methyl orange, but will drive 
back the dissociation of the phenol phthalein and render it colorless. 
So there are certain acids which act differently with different indi- 
cators and neutrality must be defined by reference to the partic- 
ular indicitor employed. For example, carbonic, sulphurous, sul- 
phydric and boric acids do not affect methyl orange, but react acid 
with phenol phthalein. 

As methyl orange is a stronger acid than phenol phthalein. it 
gives more stable salts. These are less easily hydrolysed. hence 
this is a better indicator for weak alkalies, like ammonia, than 
phenol phthalein. 

Phosphoric acid affords one of the best illustrations of the action 
of these indicators; it is a tribasic acid which ionizes strongly into 
H and H,PO, ions; then the ion H,PO, breaks up to a much 
smaller extent into H and HPO, ions, while the last dissociation of 
HPOj into H and PO, ions is too small to be shown accurately by 
any known indicator. Or, to express this differently, the first hy- 
drogen acts like a strong acid, the second like a weak one, and the 
third scarcely possesses acid properties. If to a solution of phos- 
phoric acid methyl orange is added and then alkali is run in, the 
change to yellow occurs when the first hydrogen has been neutral- 
ized, for the second is a weaker acid than the indicator and so does 
not affect it. When phenol phthalein is used the change in color 
does not take place till the second hydrogen is replaced, as this is 
sufficiently strong to drive back the ionization of this spanngly 
dissociated indicator. One indicator marks the change to NaH^PO,, 
the other to Na^HPO,. So that the ordinary phosphate of soda, 
although by constitution an acid salt, gives a strong alkaline re- 
action with methyl orange. 

Solubility Pkoduct. 
The last application of the law of mass action to ions in solution 
■ s the case of a saturated solution. When silver is precipitated as 
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chloride in an aqueous solution, although silver chloride is one of 
the most insoluble precipitates, there is still some remaining in 
solution ; and of this silver chloride in solution, a large percentage 
is dissociated, so we have again for the dissolved portion, the 
formula ad = kc. Here for each precipitate, kc is a constant at 
a given temperature, its size depending on the solubility of the 
precipitate. This value was termed by Nernst the solubility prod- 
uct, and here, as in the case of an unsaturated solution, we have a 
state of equilibrium only when ad = kc. If ad is less than ic 
some of the precipitate dissolves. If ad is greater than kc more 
separates out. In other words as kc is a constant, the equilibrium 
is adjusted by increase or decrease of the precipitate, instead of by 
a change in the number of undissociated molecules in solution. 
Or, the molecules may be regarded as first forming in solution 
when an ion in common is added ; and then, as it is in contact with 
the precipitate, it can not remain supersaturated and so more pre- 
cipitate separates out. 

So, if to a solution containing a precipitate of silver chloride, an 
excess of silver nitrate is added, the concentration of the silver 
ions is increased, the solubility product is exceeded, and silver 
chloride separates out until ad again equals Ac, In this way the 
addition of ten times the silver ions present reduces the chlorine 
ions to about one tenth. 

This is the explanation of Mulder's end point in the Gay-Lussac 
titration method, where a portion of the clear supernatant liquid 
is withdrawn and to one half silver nitrate is added, to the other 
sodium chloride ; when the opalescence in each is equal the end 
point is obtained. 

This cloudiness obtained with silver chloride must be very 
slight on account of the insolubility of silver chloride. The effect 
of adding an ion in common is very strikingly shown with silver 
acetate which is much more soluble. Place one hundred cubic 
centimeters of a saturated solution of silver acetate in each of three 
cylinders ; to the first add ten cubic centimeters of 4N silver 
nitrate, to the second ten cubic centimeters of 4A^ sodium acetate, 
to the third several grams of solid sodium nitrate. With the first 
and second a beautiful crystalline precipitate appears, due to the 
exceeding of the solubility product by the addition of either silver 
or acetions ; while with the third no precipitate is formed, which 
shows that the addition of ions not common to the precipitate is 
without effect. 
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It is evident that the more soluble the precipitate, the larger will 
be the solubility product; consequently, the greater must be the 
excess of reagent added in order to obtain equally complete pre- 
cipitation. This has been done by chemists for many years as the 
result of careful quantitative experiment, but the theory of ioniza- 
tion and Nernst's solubility product afford a satisfactory explana- 
tion and show why in precipitates like zinc ammonium phosphate, 
a much greater excess of reagent is required than with others like 
barium sulphate. Another application of the principle of driving 
back the ionization or practically decreasing the solubility by the 
addition of an ion in common with the precipitate, is in the wash- 
ing of precipitates. Lead sulphate is washed with one per cent, 
sulphuric acid, as it was found that it was less soluble in this than 
in pure water, now the reason is found in the influence of the SO^ 
ions. There are many other instances, washing cadmium ammo- 
nium and other phosphates with water containing ammonium phos- 
phate, calcium oxalate with very dilute ammonium oxalate, etc. 
The last of the washing solution is removed by a final washing 
with dilute alcohol in those cases where it can not be volatilized. 

Complex Ions. 

After having given some of the important applications of ioniza- 
tion and mass action to analytical work it is necessary to give an 
explanation for the apparent exceptions to the laws. 

If to a precipitate of silver cyanide an excess of potassium cyan- 
ide is added, or if it is washed with a dilute cyanide solution, instead 
of obtaining more complete precipitation, the precipitate dissolves. 
This is due to the formation of a compound, KAg(CN),, which 
dissociates into K and Ag(CN)2 ions. A diflferent ion is formed 
which gives a different set of reactions and we could no more ex- 
pect the Ag(CN)j ion to give the reactions of the CN ion than the 
PtClj ion to give those of CI or the Fe(CN)^ ion those of Fe. 

So the apparently abnormal results are caused by a change in 
the ionization. 

During the rest of this article reference will be made to these 
modern theories only in connection with quantitative precipitations, 
so for further information the reader must consult the numerous 
books on physical chemistry among which the following are recom- 
mended : Ostwald's Scientific Foundations of Analytical Chemis- 
try, Walker's Introduction to Physical Chemistry, Morgan's Ele- 
ments of Physical Chemistry. ' 
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CHAPTER III. 

The Analysis of Magnesium Snlphate and the Determination 

of Alumina in Alum. 

CRYSTALLIZED MAGNESIUM SULPHATE. 

When the sample is first received it should be examined to find 
out whether the crystals have effloresced. If they appear uniform 
and show no white at the edges, the sample is probably homogen- 
eous and contains the full seven molecules of water of crystalliza- 
tion. If there is any evidence of loss of water the entire sample 
should be thoroughly mixed and about five grams ground up in 
an agate or porcelain mortar as quickly as possible and immedi- 
ately transferred to a small specimen tube which is kept tightly 
stoppered. When a portion is desired for analysis, weigh the 
specimen tube containing the average sample; then shake out 
about a gram into a beaker, taking care that all of the powder re- 
moved gets into the beaker, stopper and reweigh the tube. The 
difference between the weights gives the amount taken for analy- 
sis. This is termed weighing by difference. 

Determination of Water. 

Heat a perfectly clean porcelain crucible and cover over a Bun- 
sen burner until all the moisture is expelled, allow it to cool par- 
tially and then place it in a desiccator ; cover tightly and allow the 
cooling to continue in this dry atmosphere till the temperature of 
the balance room is reached. Then weigh the crucible with its 
cover and record the weight in a note-book at once. Next shake 
about a gram of the salt from the specimen tube into the crucible 
and reweigh the tube. Then weigh the crucible with the salt to 
see whether the weight checks the sum of the weights of the cru- 
cible and the sample taken. There may be a slight loss of water 
during the operation so that the check is satisfactory when the 
second weight is either the same as the sum of the tw© or less by 
two or three tenths of a milligram. Place the crucible on a pipe- 
stem triangle with the cover on and heat it for half an hour with 
about a four-inch flame from a Bunsen burner, then allow to cool 
partly, place in a desiccator and when cold weigh quickly. Heat 
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again for ten minutes at tlie same temperature, cool and reweigh. 
If all the water of crystallization has been driven ofT by the first 
heating the two weights will be identical. If they differ by more 
than two tenths of a milligram, the heating must be continued till 
a constant weiglil is obtained. Should the weight continue to de- 
crease, even after heating for an hour, loss of sulphuric anhydride, 
SO,, is indicated and the determination must be repeated at a 
lower temperature. The ignition should be made at a moderate 
red heat, between dull and bright red. With a blast lamp all of 
the sulphuric anhydride can be driven off. A porcelain crucible 
is recommended for this determination as it is less likely to be 
overheated than platinum, because it is a much poorer conductor. 
A comparison of magnesium sulphate with the other alkaline earth 
sulphates shows a regular increase of stability with the increase of 
the atomic weight of the metal. 

If the contents of the crucible were allowed to stand iathe air 

roisture would be reabsorbed with an increase in weight. 
From the loss in weight the percentage of water is calculated. 
DeTEKM I NATION OF SULPHURIC ANHYDRIDE. 
Weigh out, by difference, into a number two beaker about one 
^I'am of the salt (the exact weight being recorded), add about 150 
c.c. of hot water and 2-3 c.c. of dilute hydrochloric acid, cover with 
a watch glass and heat to boiling ; while boiling add drop by drop 
(so as not to cool the solution) from a pipette 20-25 ^■'^- of '' ten 
per cent, solution of barium chloride, or else dilute 20-25 c.c. of 
barium chloride solution with water to about 50 c.c, heat to boil- 
ing and then add it to the boiling solution of magnesium sulphate. 
Boil for at least five minutes, while stirring with a thin glass rod to 
avoid bumping, then allow to settle. If the precipitate does not 
settle quickly and completely, boil again for several minutes or heat 
just below boiling for a longer time. Pour the clear supernatant 
liquid through a nine-centimeter " ashless " filter, which has been 
moistened with hot water, allowing the precipitate to remain as far 
as possible in the beaker. Test a few drops of the filtrate in a 
watch glass or small test-tube with dilute sulphuric acid to make 
sure that an excess of barium chloride is present. Add 100 c.c. of 
hot water and one c.c. of dilute hydrochloric acid to the precipitate 
in the beaker; stir well and then allow the precipitate to settle ; 
pour the liquid through the filter and wash the precipitate twice 
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more by decantation with hot water alone. Transfer the precipitate 
to the filter with hot water from a wash bottle, using a rubber- tipped 
glass rod to detach any particles which adhere to the beaker, and 
continue the washing with hot water on the paper till the washings 
show no test for chlorides, when at least three cubic centimeters are 
tested with silver nitrate solution, or until three cubic centimeters 
leave no residue when evaporated in platinum. 

If convenient, dry the precipitate in an air-bath at about 1 1 5° C; 
but this is not necessary for this particular precipitate. Place the 
filter containing the precipitate, either moist or dry, in a clean, 
weighed platinum crucible ; put this on its side on a platinum tri- 
angle with the cover in front, so that a current of air shall pass in 
and over the filter. Then heat the cover by a Bunsen burner so 
that heat shall be reflected into the crucible and the precipitate dried 
from the top down. When the water is all expelled, heat the crucible 
itself gently so as to drive out the volatile matter from the paper 
without allowing it to take fire. When this is expelled move the 
flame to directly under the bottom of the crucible and heat, using 
a large flame, until all the carbon is oxidized. Allow the crucible 
to cool, and moisten the contents with concentrated nitric acid and 
reheat till all the acid is expelled. This must be done gradually 
and cautiously to avoid loss by spattering, and with the crucible 
vertical and the cover on tight. The object is two- fold, to oxidize 
any carbon which may remain and to convert any barium sulphide, 
reduced by the carbon of the paper, to sulphate (this can also be 
done by dilute sulphuric acid). Cool and weigh, then retreat with 
nitric or sulphuric acid, expel the acid and weigh again. The 
two weights should check, if the second exceeds the first by more 
than two tenths of a milligram, treat again until a constant weight 
is obtained. 

From the weight of barium sulphate calculate the percentage of 
sulphuric anhydride. 

Properties of Barium Sulphate. 
A white and very insoluble precipitate of definite composition. 
If precipitated in a cold or very dilute solution it comes down in 
such a finely divided state that it invariably runs through the 
filter paper unless allowed to stand for several hours. When pre- 
cipitated in a boiling solution and then heated the particles are 
larger. The theory of the increase in size is as follows : * The 

*Ostwald, ** Scientific Foundations of Analytical Chemistry.** 
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smaller the particle the greater is the ratio of surface to volume ; 
hence the greater proportional contact with the solution. Now 
every precipitate is soluble to a certaiQ extent, and although this is 
very small with barium sulphate — about one part in four hundred 
thousand — still it is perceptible even in the cold and is much in- 
creased by heating the solution. When this is done the smallest 
particles dissolve first, then the solution becomes supersaturated 
with respect to the larger particles and deposits out barium sul- 
phate on them, so as the boiling continues the larger particles 
continue to grow at the expense of the smaller. This same action 
goes on, though very much more slowly, when the precipitate is 
allowed to stand in contact with the solution in the cold. In order 
to obtain a successful filtration, this process must proceed till the 
size of the particles exceeds that of the pores of the filter. 

Barium sulphate possesses to a marked degree the property of 
adsorption, the carrying down of salts from the solution or a sort 
of condensation of them on its surface ; for this reason a very 
large excess of barium chloride is objectionable, although tend- 
ing to give more complete precipitation." The salts carried down 
in this way do not have their usual solubility and consequently are 
removed very slowly by washing ; so it is always necessary to 
test the wash-water for chlorides and prove their absence, and not 
to rely on the fact that a certain volume of water has passed 
through which would be more than enough to dissolve all of the 
salts present under ordinary conditions. The other salts likely to 
be carried down by barium sulphate are alkali and alkaline earth 
nitrates, chlorides, chlorates and sulphates. 

The precipitate is practically insoluble in water, in dilute acetic 
acid and in hydrochloric acid when present to the extent of one 
«nibic centimeter of dilute acid in one hundred cubic centimeters of 
"water, but it is very appreciably soluble in stronger hydrochloric 
acid and more soluble in either nitric or sulphuric acids. It is 
also soluble to some extent in hot acid solutions containing am- 
monium chloride, ferric chloride, etc., and in solutions of ammo- 
nium acetate, citrates and other organic salts. 

The tendency of the precipitate to crawl up the sides of the 
beaker can usually be checked by adding a few drops of hydro- 
chloric acid and boiling. On ignition barium sulphide may be 
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formed which can b6 reconverted to barium sulphate accordingf 
to the reactions : 

BaS + H^SO^ = BaSO^ + H^S or 

3BaS + 8HNO3 = 3BaS0, + 8N0 + 4H2O 

Silica should be absent, for if not removed it may contaminate the 
barium sulphate. For the precipitation of barium sulphate in the 
presence of iron see Chapter VII. 

Determination of Magnesia. 

Weigh out about a gram of the salt by difference into a small 
beaker ; dissolve it in about fifty c.c. of cold water, add five or six 
c.c. of dilute hydrochloric acid and then make the solution slightly 
alkaline with ammonia ; if a precipitate of magnesium hydroxide 
forms dissolve this in dilute hydrochloric acid and again make 
alkaline with ammonia ; repeat this, if necessary, till the solution 
is perfectly clear when alkaline. Next add slowly drop by drop, 
from a pipette about twenty-five c.c. of a ten per cent, solution of 
hydro-di sodium or hydro-di-ammonium phosphate; stir vigor- 
ously, avoid touching the sides of the beaker with the stirring rod, 
and allow to stand in a cool place for an hour ; then add a decided 
excess of ammonia, about 30 c.c. of ammonia water, specific gravity 
0.96, and allow to stand in the cold for several hours longer — over 
night if convenient. 

• If the precipitate is perfectly crystalline filter and test a few 
drops of the filtrate with " magnesia mixture ** to make sure that 
the PO^ ions are present in excess. It is better to filter and test 
the filtrate than to withdraw some of the clear liquid with a pipette 
or tube, as some of the precipitate usually floats. If an excess of 
the precipitant is present continue the filtration ; transfer all of the 
precipitate to the filter (9 cm.) and wash with very dilute ammonia, 
one part of strong ammonia water to nine of water (about 2.5 per 
cent, actual ammonia) till free from chlorides, as shown by no 
cloudiness being produced when three c.c. of the washings, acidi- 
fied with nitric acid, are tested with a solution of silver nitrate. 
Place a large filter on the top of the funnel to keep out dust, put 
it in an air-bath and dry at from 115°-! 20° C. When dry sepa- 
rate the precipitate from the paper over black glazed paper and 
cover the precipate with a watch glass ; burn the paper, moistened 
with nitric acid, in a weighed platinum crucible until perfectly 
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white, adding more nitric acid if necessary ; then add the portion of 
the precipitate from the paper and ignite, at first gently and then 
strongly, by the full heat of a burner or with a blast lamp ; cool 
and weigh the magnesium pyrophosphate and calculate the per- 
centage of magnesia.* 

Magnesium as well as other phosphates attack platinum in the 
presence of reducing agents ; this is another reason for burning at 
a low heat and reoxidizing by the addition of nitric acid before 
heating strongly. Phosphides may be formed even by the reduc- 
ing gases from the flame penetrating the hot platinum. If the 
crucible is rough or crystalline after the ignition of a phosphate, it 
should be scoured with sea sand, as this crystallization gradually 
penetrates and finally injures the crucible. 

Properties of Magnesium Ammonium Phosphate. 

Magnesium ammonium phosphate contains six molecules of 
water of crystallization ; it is white and distinctly crystalline ; forms 
slowly when present in small quantity ; its separation is accelerated 
by cold and agitation. If at all flocculent, it is contaminated, 
most often by magnesium hydroxide or by hydrated silica. The 
magnesium hydroxide is caused by insufficient ammonium chloride 
being present to so weaken the ionization of the ammonia that the 
solubility product of magnesium hydroxide shall no longer be e^^.^ 
ceeded. This statement is based on recent work f and is accepted ' -*•- 
by Ostwald in place of the previous theory based on the formation 
of a complex ion. 

If silica is present, it is best to proceed as usual and weigh the 
magnesium pyrophosphate plus silica ; then dissolve out the pyro- 
phosphate by dilute hydrochloric acid, filter and ignite the silica 
-which is insoluble, as it has been dehydrated by the ignition of the 
precipitate, and deduct the weight from that of impure precipitate. 

Magnesium ammonium phosphate is slightly soluble in cold 
water, one part in 15,000, but very readily soluble in hot water; 
it is insoluble in dilute ammonia which has an ion in common. If 
the ammonia is very strong, the precipitate may be too basic, 
contain more than the right amount of magnesium, hence it is 
precipitated from a solution which contains but a slight excess of 

* For all calculations, the reader is referred to the ** Calculations of Analytical Chem 
istiy '* by E. H. Miller, which is used as a text-book with these notes, 
•f Lov6n, Z., Anorganische Chemie^ ii, 404, 1896. 
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ammonia, to which, after the precipitate has formed, a decided 
excess of ammonia is added to render the precipitation more com- 
plete. In washing, very dilute ammonia should be used as the 
excess of hydrodisodic phosphate, the usual reagent, is sparingly 
soluble in strong ammonia. The precipitate is readily soluble in 
acids. On ignition, the water of crystallization is driven off and 
also water and ammonia from the molecule giving pyrophosphate. 

2MgNH,PO,.6H20 4- heat = Mg^Pp^ + 2NH3 + isH^O. 

It is advisable to dry this particular precipitate before ignition 
as it retains gases from the paper which leave carbon so intimately 
mixed with the precipitate that it is very difficult to burn out. 
The pyrophosphate will stand the heat of a blast lamp without 
loss. If a loss takes place some other magnesium ammonium 
phosphate was present and the results are unreliable. 

This compound is also used for the determination of phosphoric 
acid and will be mentioned again under iron ore. In the analysis 
of crystallized magnesium sulphate the percentages of water, 
sulphuric anhydride and magnesia should add up to one hundred 
.per cent, whether the sample has lost water or not. Ostwald has 
recommended calculating the results of analyses to the ions present, 
for example to Mg and SO^, instead of to MgO and SO,, but as 
the method given here is in general use and is more convenient 
for metallurgical calculations, the old practice will be adhered to in 
these notes. 

For more information on the phosphates of magnesium see 
Ncuhauer, Journal American Chemical Society, Vol. 16, p. 290. 

POTASSIUM ALUM. 

Alums are double sulphates of the alkali metals and of a triad 

metal and contain twenty-four molecules of water of crystallization ; 

for example, K^S0,.A1,(S0J3.24H,0; Na^SO,.Mn,(SOj,.24H,0; 

(NHJjjSO^.Cr2(SO^\.24H20, etc. The formulae are often divided 

and written ^L^{^0^^.\2Y{f^^ etc. There are many other double 

sulphates which are not alums, for example Mohr's salt, FeSO^- 

(NHJ,S0,.6H,0. 

Determination of Alumina. 

Weigh out either by difference or quickly on a watch glass about 
one gram of potassium alum ; transfer it to a number two beaker 
and dissolve in about 100 c.c. of hot water and five or six c.c. of 
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concentrated hydrochloric acid; make slightly alkaline with am- 
monia avoiding more than enough to make the solution smell 
faintly of ammonia while hot. 11 too much be added, neutralize 
it t»y dilute hydrochloric acid. Heat to boiling, while stirring con- 
tinually to avoid " bumping," and allow the gelatinous precipitate 
of aluminum hydroxide to settle ^ decant the clear solution through 
th^ filter and wash the precipitate four or five times with 100 c.c. 
of boiling water, stirring up thoroughly each time and decanting 
through the filter ; transfer to the paper with hot water and wash 
witli hot water till the washings give no test for chlorides or 
sulp>hates. 

This precipitate is extremely hard to wash on account of its 
gt^l^tinous nature and must neither be allowed to stand before fil- 
tration, as it becomes insoluble and adheres to the beaker, nor 
should it be allowed to stand over night on the filter unless com- 
p'^tcly washed, for it contracts on drying, leaving cracks through 
^■'"»ich all the wash-water passes, making it impossible to remove 
fn^ salts by washing. 

1 1 is unnecessary to separate this precipitate from the paper and 
^*^ especial precautions are required in igniting; as the alumina is 
' ^^it;her easily reduced nor volatile if the chlorides have been re- 
■ '**c»"^/cd. Weigh the alumina and calculate the percentage. 

Properties of Aluminum Hydroxide. 

-^Xluminum hydroxide when freshly precipitated is very readily 

^*^* »-«ble in acids, both strong and weak, but on standing it becomes 

'f^icultly soluble even in hydrochloric acid; it is also soluble in 

. ^*-«slic alkalies and to a slight extent in ammonia. In the plan 

J*^^t given the solvent action of the slight excess of ammonia is so 

^^^-kened by the mass-action of the ammonium ions from the am- 

■f^'^nium chloride, that it is no longer a sufficiently strong alkali to 

*Ssolve aluminum hydroxide. The action of strong alkali in dis- 

^*~*^ ■^'"ing alumina is to make this very weak base take the part of an 

*~* <:3 so that the cation A!'" is changed to an anion AlO,. 

-^\ difficulty which may possibly arise is contamination by basic 
^ * t^hates of aluminum and which may be most readily avoided by 
t*'^Uring the aluminum solution into an excess of ammonia. 

"The precipitate is in general likely to be contaminated by those 

^^tals whose hydroxides are precipitated in a weakly alkaline so- 

^tion such as iron, manganese, chromium ; also magnesium, zinc, 
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cobalt, nickel and copper; also phosphates and arsenates, calciu 
carbonate and hydrated silica. It is because there are so ma 
possible contaminants, whose separation is difficult, that alumi 
is often determined by difference ; that is, the total weight of tti- 
precipitate is taken and deductions made for the impurities fro 
the results of separate determinations. 

Organic acids, such as tartaric and citric, and also sugar ars. <} 
glycerin, prevent the precipitation of the hydroxide. The alumira.^ 
obtained after strong ignition is insoluble in acids, but can be o 
tained as a readily soluble aluminate by fusing with alkalies, eith 
caustic or carbonate. 

For the analysis of bauxite and of aluminum alloys, see Hand 
Journal American Chemical Society^ i8, 766, 1896; Phillips a 
Hancock, same, 20, 207, and Lunge, ** Chemisch-technische U 
tersuchungs Methoden," Vol. II., p. 349 and seq. 
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CHAPTER IV. / 

Coal Analysis. "■/ 

Sampling. 

In all analytical work it is of the utmost importance that the 
small portion taken for analysis accurately represents the average 
composition of the lot whose analysis is desired; otherwise the 
analysis is worthless and misleading for practical purposes. This 
is especially true with coal, where not only may the sulphur and 
ash be irregularly distributed, but the amount of moisture may 
vary from day to day, depending on the weather; if exposed to 
rain or sunshine the percentage of water differs and for this reason, 
a carload may have a different composition when it arrives at its 
destination from that which it possessed when mined. These dis- 
cordant results should however agree, when calculated to the dry 
basis if the sampling has been done correctly. 

The sample received by the chemist should be at least 5 pounds. 
This is to be crushed up immediately, so as to avoid any loss of 
water and quartered, until about a half pound is obtained; this is 
then ground to 40-meEh and divided in half, and one half im- 
mediately sealed as a reserve sample in case of dispute or accident. 
The remaining sample is weighed and air dried at 8o-90°C., al- 
lowed to cool in the air, and the amount of moisture determined. 
It is mixed up thoroughly on glazed paper and quartered down to 
about twenty grams which are ground fine (100-mesh) and used 
for the analysis. The object of this treatment is to obtain the 
water in the sample as received before it has a chance to dry out 
in the warm atmosphere of a laboratory, and to obtain an air-dried 
average sample, 'which is not likely to lose or absorb moisture, 
from which to weigh out portions for analysis. It is to be borne 
in mind that water is still present in the coal and that in calcu- 
lating the analytical results to the original sample the loss in 
weight in air drying must be considered. This is most readily ac- 
complished, if we regard the original sample as made up of a cer- 
tain weight of air-dried sample plus a certain weight of water and 
correct our percentages accordingly. 

These principles apply with equal or even greater force to large 
lots of ore, matte, slag, etc. 
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Proximate Analysis. 

Moisture, — Dry one gram of the coal in an air-bath in an open 
porcelain or platinum crucible for one hour at a temperature be- 
tween I04°-I07°C. Cool in a desiccator and weigh covered. The 
loss in weight is moisture. This apparently simple determination 
is very difficult if extraordinary accuracy is required, as water may 
be lost during the fine grinding of the sample, and also because 
all the water may not be given off in an hour at the temperature 
given. It is however the standard method and is sufficiently ac- 
curate for technical purposes; the error being probably less than 
that of sampling. 

^Volatile Combustible Matter, — Place one gram of the air-dried 
sample in a platinum crucible, weighing 20-30 grams, and having 
a well-fitting cover. Heat over the full flame of a Bunser burner 
for seven minutes. The crucible should be supported on a plati- 
num triangle with the bottom 6-8 cm. above the top of the burner. 
The flame should be 25 cm. high, and the determination made in 
a place free from draughts. The upper surface of the cover should 
burn clean but the under surface remain covered with carbon. To 
find the volatile combustible matter subtract the percentage of 
moisture from the percentage of loss found here. 

This method is evidently arbitrary and open to the objections of 
the possibility of oxidation on one hand and incomplete expul- 
sion of the volatile matter on the other ; but by following it care- 
fully the results possess uniformity, if not scientific accuracy, and it 
is the method in general use. The loss due to oxidation, particu- 
larly with coke, can be diminished by using a much larger sample, 
say 10 grams. With coke the last of the volatile matter should be 
removed by a couple of minutes over a blast lamp. 

Ash, — Burn the portion of powdered coal used for the deter- 
mination of moisture, at first over a very low flame, with the cruci- 
ble open and inclined, till free from carbon. This sample can be 
burned much more quickly than the dense carbon or coke left from 
the determination of the volatile combustible matter. 

Fixed carbon is found by difference. Either subtract the per- 
centage of ash from the percentage of coke (residue left when 
water and volatile matter are driven off) or subtract the sum of the 
>ther percentages from 100. 
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Determination of Sulphur. 

Sulphur exists in coal in three conditions — as sulphide, FeS,. as 
alkaUoe earth sulphate, CaSO,, and as an organic compound. On 
heating FeS,, out of contact with the air, Fe,Sg is usually left 
behind. So in the determination of Ihe volatile combustible mat- 
ter, the sulphur present as an organic compound (if any) and nearly 
one half the sulphur present as pyrites is driven off. And in 
burning off the fixed carbon the Fe,S^ is changed to Fe,Oj with 
a loss of the sulphur remaining from the pyrites. The ash con- 
tains the sulphate sulphur. 

It was formerly customary to consider all the sulphur was pres- 
ent as FeS,. and that one half of this went off with the volatile 
matter and the second half with the fixed carbon; so that one half 
the percentage of sulphur was subtracted from each of these^er- 
centages to make the results add up to 100 per cent. Although 
this method is still in use it is evidently not strictly in accordance 
with the facts and, as it is never correct to state more in a report 
than is actually known, it is preferable to report the percentage 
of sulphur separately and let the sum of the other determinations 
add up to 100 per cent. . 

When the sulphur in the ash is desired separately from the total 
sulphur, a large portion, 10-12 grams, of the coal is burned and 
the sulphur determined in the ash by methods similar to those 
which will be given under iron ore and slag analysis. 

lotal Sulphur. Eschka MeDiod Modified. — One gram of the finely 
pulverized coal is mixed with one gram oflight magnesium oxide and 
O-S gram of anhydrous sodium carbonate in a platinum dish having 
a capacity of /S-lcra c.c. or a Meissen porcelain crucible, and heated 
with an alcohol lamp. When great accuracy is not required a gas 
burner may be used, the dish being protected, as far as possible, 
from the products of combustion, which contain sulphur. The 
mixture is stirred frequently with a stout platinum wire or glass 
rod and the heat applied gradually, especially with soft coals, until 
strong glowing has ceased; then the heat is increased until in fif- 
teen minutes the bottom of the dish is at a low red heat, which 
is maintained until all the carbon is burned out. The residue 
which should be nearly white and porous is transferred to a No. 2 
beaker with about 50 c.c. of water, 15 c.c. of bromine water are 
added and the whole boiled for at least 5 minutes, allowed to settle 
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and decanted through a filter and boiled a second and third time 
with 30 c.c. of water and then washed very thoroughly with hot 
water. The filtrate is acidified with hydrochloric acid so as to 
have an excess of about i c.c. and boiled to expel any free bro- 
mine. Then to the hot solution barium chloride (10 per cent, 
solution) is added drop by drop, until 10 c.c. have been added and 
the solution boiled or heated on a water-bath until the precipitate 
settles quickly, filtered and treated as already described. From 
the weight of BaSO^ the percentage of sulphur is calculated. 

The treatment with magnesium oxide, sodium carbonate and 
air, oxidizes the sulphur present to sulphurous and sulphuric anhy- 
drides which combine with the bases present. The mass must not 
fuse as it would then be much more difficult to oxidize and as the 
silica from the ash would thereby be rendered soluble. It is for 
the^ reasons that magnesia is selected on account of its bulk and 
infusibility. 

When the mass is leached the soluble sulphites and sulphates 
pass into solution, together with the excess of sodium carbonate, 
while the bulk of the magnesia and the ash remain insoluble. It 
is at this point that an important reaction takes place, the ash may 
contain calcium sulphate which is acted on by the excess of sodium 
carbonate, giving calcium carbonate which remains behind and 
sodium sulphate which passes into solution, and by this means the 
total sulphur is obtained in the filtrate. 

The bromine, in the alkaline solution, oxidizes any sulphites 
present to sulphates. It is important to acidify after, not before 
filtering, as the latter would take magnesia into solution ; also alka- 
line earth carbonates which would immediately react, giving in- 
soluble sulphates and so cause low results. 

The solution after filtration is made but slightly acid and a 
liberal excess of barium chloride is added to get complete precipi- 
tation of all the sulphur as barium sulphate. 

This method is most satisfactory, but for very accurate results 
certain precautions not already mentioned must be observed : 

The magnesia and the sodium carbonate must be tested for sul- 
phur as they often contain small quantities which are enough to 
interfere with the accuracy of the determination. If present the 
sulphur should be determined in 20-gram lots and the percentage 
marked on the reagent bottles and deducted from the results. 

The residue after leaching may in some cases contain sulphur, 

VOL. XXV — 4. 
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^ if much calcium sulphate should be present and the excess of 
^•V ^dium carbonate be insufficient to convert it. In such a case 
^ the residue is treated with hydrochloric acid and filtered, the 
^ ' filtrate neutralized closely and any sulphate precipitated as ba- 
^1 rium sulphate and added to that obtained in the main portion. 
^ The original barium sulphate may be contaminated by silica. If 
^*' the heat has been too high or the ash very siliceous, some sodium 
^ ^^ silicate may be formed, dissolved and hydrated silica be carried 
^; down with the barium sulphate. To avoid this, evaporate the solu- 
tion to dryness after the bromine is boiled out and heat at 120° C. 
until the hydrochloric acid is driven off to render the silica insolu- 
ble ; then takei up with hydrochloric acid and water, filter and de- 
termine the sulphur as usual in the filtrate. 

For further information see Report to American Chemical Soci- 
ety, yj?^/*. Amer. Chem, Soc, 21, 11 19, and Stoddart on the " Deter- 
nation of Sulphur in Coal," /. c, 24,852. 
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CHAPTER V. 
Farric Ammonium Alum. 

Determination of Ferric Oxide Gravimetrically. 

Bj^ Ig7iitio7i, — As this compound contains only ferric sulphate, 
ammonium sulphate and water, simple ignition will drive off every- 
thing except ferric oxide. So the percentage can easily be found 
by igniting a gram in a weighed platinum crucible to constant 
weight. In order to decompose the ferric sulphate more readily 
than by heat alone, a little ammonium carbonate is often added 
and then the residue reignited. The reaction is Fe,(SO^), + 
3(NHJ,C0. = Fe,0. + 3(NHJ,S0. + 3CO,. 

The application of this method is extremely limited, and even 
with this alum, if impurities were present they would contaminate 
the ferric oxide. 

By Precipitation zvitk Avimonia. — Dissolve about a gram of the 
alum in hot water and a few c.c. of hydrochloric acid, heat to boil- 
ing and add at once, but carefully to avoid spattering, an excess 
of ammonia ; heat till the precipitate collects well ; decant through 
a filter and wash by decantation and then on the filter with hot 
water, till free from chlorides. Transfer the paper and precipitate 
to a weighed platinum crucible and moisten with strong nitric 
acid ; ignite gently till the water and volatile matter have been ex- 
pelled; then allow to cool, moisten again with nitric acid and 
burn out the carbon ; ignite and weigh ; check by moistening once 
more with nitric acid and reweighing ; calculate the percentage of 
Fe,0.. 

In this particular analysis, the only difficulty is in avoiding any 
reduction of the ferric oxide by the paper, for if once reduced to 
the magnetic oxide, reoxidation is difficult. In general, however, 
when iron is precipitated by ammonia certain precautions must be 
observed. 

The iron must all be in the ferric condition as ferrous iron is not 

completely precipitated by ammonia, but a white precipitate of 

ferrous hydroxide is formed which immediately turns green ; with 

uxtures of ferrous and ferric iron, green, black or brownish pre- 

^tes are formed. 
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When the higher groups have been previously removed by- 
sulphuretted hydrogen, the iron is conveniently reoxidized by nitric 
acid or hydrogen peroxide. 

In the alum we did not boil out the excess of ammonia, but if 
there are present elements of the fifth periodic group, phosphorus, 
arsenic, vanadium, etc., the excess of ammonia must be expelled in 
order lo obtain complete precipitation of the iron. Under these 
conditions phosphorus, vanadium, arsenic and antimony are carried 
down as well, in combination with the iron as FePO^, etc. 

Should we wish to use the filtrate for the determination of sul- 
phur, we must proceed differently, as there is danger that the 
ferric hydroxide may be contaminated by a basic ferric sulphate; 
although this would not cause any inaccuracy in the iron determi- 
nation, as the sulphuric anhydride would be driven off on strong 
ignition. In this case pour the acid ferric solution into a large 
beaker containing 200 c.c. of water and an excess of ammonia over 
that required to precipitate the iron and neutralize the acid pres- 
ent. In this way the ammonia will always be in excess and the 
danger of forming basic sulphates near the neutral point is avoided. 

The presence of ammonium chloride, or other ammonium salts, 
favors the separation of the hydroxide and prevents its becoming 
colloidal. They must be washed out, however, to prevent loss of 
lerric chloride on ignition. Ferric hydroxide is soluble in acids 
both weak and strong, and insoluble in alkalies. Its precipitation 
is prevented by citric acid, tartaric acid and other organic sub- 
stances such as sugar, glycerine, etc., because they form complex 
ions containing Fe, which no longer give the reaction of the 
(erric ion. 

This precipitate is very likely to be contaminated not only by 
sulphates, phosphates, arsenates, etc., as already mentioned, but 
also by hydrated silica and by the hydroxid_es of aluminum, 
chromium, manganese, and also by those of magnesium, cobalt, 
nickel, zinc and copper. Of the latter, magnesium and zinc can 
be removed by reprecipitation, but with copper, nickel and cobalt 
the separation is not easy. As these elements, or some of them, 
are always present in iron ores, the gravimetric method is seldom 
used except lo throw down together hydroxides of aluminum and 
iron with phosphoric acid. 
w One other property of ferric salts should be mentioned, the effect 
^■0f water on them. Ferric iron is a very weak base and when com- 
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bincd with a weak acid in a neutral solution it is easily hydrolyseA» M 
especially on heating, with the formaticm of basic ferric salts. ^ w^ 
is for this reason that hydrochloric acid is added to the alum wH^^ \;? 
it is dissolved, to give a clear solution, as well as to form amiTB-O 
nium chloride. 

Determination of Ferric Oxide Volumetrically. 
By Potassium Permanganate. 

A standard solution of potassium permanganate is requir^^^ 
which should be approximately Nj 10, Dissolve 6.4 grams ^^ 
pure potassium permanganate in about 400 c.c. of water, war-" '^ 
slightly to assist the solution, then filter through a layer of asbest^^^^ 
supported by a cone or porcelain plate in a large funnel or a Gooc:::^^*'^ 
crucible; allow the solution to run into a clean dry liter flas k» ^ ^ '* 
wash the residue on the asbestos, hydrated manganese dioxid»> ^^^» 
with water and then dilute the permanganate solution in the flas '^^^ 
to the delivery mark with cold distilled water (if the solution fc ^^ 
still warm allow it to cool to the temperature for which the flasC ^*=^sK 



was graduated and make up the contraction by more water). Pou^— ^^^ 
the contents into a clean dark glass bottle, with a well-fitting ^^8 
ground-glass stopper ; fill the liter flask again with water to th^ ^tt^^ 
delivery mark and add this also to the bottle containing the per-^"^-'^' 
manganate solution. Mix by very thorough shaking and allow tc^^^^ 
stand several hours before standardizing. 

The warming and removal of the dioxide, which is formed hy^^J^*^ 
organic dust, etc., by filtration, gives a solution which retains it^^-^^ 
strength better than if this process goes on gradually in the bottle.^ '^^^ 

The solution must be filtered through asbestos for it is decom- 
posed by filter paper, rubber and other organic materials. If an old 
permanganate solution can be obtained, it will remain more constant 
and so require standardizing less frequently than a freshly made 
solution. The solution obtained will be nearly Nf lO, but its 
strength must be determined by experiments, and the results 
should not differ from each other by more than one in the fifth 
place ; i, e., 0.00561 and 0.00562 is the greatest error allowable in 
duplicates for the value of i c.c. in terms of iron. Many methods 
of standardizing have been proposed * of which three will be men- 
tioned here. 



^XliieleandDeckert, Z. Ange^uandte Chetnie^ XIV., 1233, 1901 ; Dupr^and MulleTi 
Z. Angewandie Chemiey XV., 1244, 1902 ; Rust, Z, Analytische Chemie^ 41, 606, 1902. 
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froH Wire Method. — Take a spool of soft iron wire, such as is 
used by florists, and remove any superficial layer of oxide by emery 
paper ; this will then be very close to 99.7 per cent, iron. The 
actual iron contents can be determined best by finding the percentage 
of imp.urities and subtracting it from one hundred per cent. Weigh 
«iit two portions of about 0.3 gram each , weighed exactly of course, 
tut not exactly the same weight ; place these in two 250 c.c 
Erlenmeyer flasks, add a few grams of sodium bicarbonate to 
«ach and then about loo c.c. of dilute sulphuric acid (one part of 
concentrated acid to five of water) and immediately close each with a 
Tubber stopper, through which passes a bent glass tube reaching to 
the bottom of a beaker of distilled water. Heat both the flask and 
■the beaker of water till the wire has completely dissolved,* best on a 
liot plate heated by gas, then turn off the heat and allow the water 
in the beaker to be drawn back so that it almost fills the Erlen- 
meyer flask. 

The sodium bicarbonate is added so that carbon dioxide shall 
"be liberated by the action of the sulphuric acid which will replace 
■the air in the flask. The water seal prevents any contact with the 
Elir during solution so that the iron dissolves, according to the re- 
liction Fe -f H,50, = FeSO^ -|- H,. entirely to ferrous sulphate, 
■*vhile the hydrogen bubbles up through the water in the beaker. 
The water in the beaker is heated also to expel the air dissolved 
i n it, s^ that it shall be free from oxygen when it comes in contact 
■%with the ferrous solution. 

There is one situation to be guarded against, if attention is not 
given and the water is not allowed to run over soon after all the 
iron is dissolved, the water will keep on evaporating from the 
flask and the sulphuric acid become concentrated ; then, when the 
l^ot water comes in contact with the concentrated sulphuric acid 
a.T\ explosion ensues which destroys the determination and may be 
dangerous to the operator. This is easily avoided by preventing the 
concentration of the acid. While the iron is dissolving get ready 
a- fifty c.c. burette, which has been found to be accurately graduated, 
f^II it with water and allow it to run out to see whether drops zA- 
"cre to the sides ; if they do clean it thoroughly by alcohol or 
ether to remove the grease, or by potassium dichromate and 
Sulphuric acid ; then rinse out with water and dry by alcohol 

*^Tbc ftclioD can be hastened by n drop of hjdrocbloRiplatimc add solution. 
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or else add ten c.c. of the permanganate solution, shake thor- 
oughly and allow the solution to run out through the stopcock; 
then repeat this again and again, so that the burette is wet with a 
solution so nearly the strength of that to be used that no percep- 
tible dilution results when the burette is filled with the permanga- 
nate solution. 

Fill the burette and adjust to the zero mark, reading the top of 
the meniscus with this dark solution. 

Pour the ferrous sulphate solution inloa large beaker.and rinse out 
the Erlenmeyer flask with cold distilled water, then dilute with cold 
distilled water to about six hundred c.c. and the solution is ready 
for titration. Run in the permanganate solution, a few drops at a 
time, till the pink color disappears slowly, then drop by drop till 
finally one drop gives a pink tinge to the whole solution, which is 
slight but perceptible and permanent. Then wait for two minutes 
for the solution on the sides of the burette to run down and for the 
pink color to disappear, if the end has not been reached, and read 
the volume of permanganate used. 

Titrate the second portion of iron wire the same way and com- 
pare the results. The reaction is 

ioFeSO,+ 2KMnO,+ 8H^0^= sFe,(S0.)3 + K^SO. 
+ 2MnSO. + 8Hp. 
If the solution should turn brown it is a sign that the man- 
ganese is not being reduced completely to manganous sulphate 
and more sulphuric acid must be added at once. 

Standardizing by Mohr' s Salt. — Here the iron is already in the fer- 
rous condition, and as the molecular weight is large — about seven 
times that of the iron atom — any error in weighing, etc., is only one 
seventh of what it would be when metallic iron is used. The dis- 
advantage is the possibility that some water of crystallization has 
been lost so that the salt is not exactly (NH,),SO..FeS0..6H,0. 
Select crystals which have no white appearance at the edges and 
weigh out quickly two portions of 1-1.5 grams each; place them 
in large beakers, add water and ten c.c. of concentrated sulphuric 
acid, and when the crystals have dissolved, dilute to about six 
hundred c.c, add more sulphuric acid and titrate as already de- 
scribed. Calculate the results and compare them with those 
'rtained with the wire. Some prefer making up a standard so- 
n of the ferrous salt and measuring this out from a second 
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burette, but separate weighings of different weights are preferable 
for beginners because if there should be any error in the weight of 
the; salt taken the titration results would check though the stan- 
dard would be wrong and the error might not be discovered till 
much later. 

Gxalk acid or oxalates may be used for standardizing. The 
reaction is 

5 H.CjO, + 2KMnO, + 3H;,S0, = loCO, + K,SO, 
4-3MnSO, + 8H,0, 
which takes place best in a warm solution acid with sulphuric acid. 
The temperature should be 50-60° C. and ten grams of manga- 
nous sulphate should be added to make the reaction take place 
rajiidly ; the end point is the same permanent pink, but, as the oxi- 
dation is less prompt than with iron, some time must be allowed, 
several minutes, to oxidize the last traces. Here if we weigh out 
crystallized oxalic acid we have the doubt as to whether it really 
is ^,C,0,.2H,0. If the water of crystallization is right the method 
is excellent. (N H.),Cp.H,0,KHC,0^.H,C,0..2H,0 are salts fre- 
<3u^ntly used ; also lead oxalate, PbC,0,, which on account of the 
*>'gli atomic weight of lead and the absence of water of crystalUza- 

; tion presents theoretical advantages. 

I -Detennination in Ferric Ahim. — As the iron in the alum is in the 

■^rric condition it must be reduced before titration. This is done 
■^t^st conveniently by passing the solution, acidified with sulphuric 
^cicj, through a Jones reductor. The simplest form of this ap- 
paratus consists of a piece of glass tubing about 2 cm. in diameter 
*ncl at least 40 cm. long, which is widened at the top like a funnel 
^nd drawn out at the bottom like the stem of a funnel, so that it 
'*ill pass easily through the hole in a rubber stopper. A perfor- 
^*ec3 platinum cone or disc of platinum is placed at the bottom of 
the wider portion and on this a plug of glass wool, about S mm. 
thlclc, covered by a thin layer of asbestos fiber; then the tube is 
"UetJ nearly to the top with granulated zinc, 20-30 mesh — that 
*hich will pass through a 20-mesh sieve but not through a 30, is 
*he best size. 

The zinc is amalgamated as follows : * Dissolve S grams of mer- 
^^*'y in 25 c.c. of nitric acid, 1.2 sp. gr., dilute to 250 c.c. and 
Pom- jjj^Q a large flask ; to this add 500 grams of gfanulated zinc, 



* Blair, 
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shake thoroughly for two minutes and then pour off the sohition : 
wash the zinc repeatedly with water and fill the reductor with it. 
Weigh out two portions of ferric ammonium alum, about 2 grams 
each, dissolve these in about lOO c.c. of water and about 50 c.c. of 
dilute sulphuric acid. Place the reductor through the rubber stop- 
per of a stout Erlenmeyer flask which is connected by a side tube 
with the suction. Pour the solution into the reductor aofl turn on 
the suction gently, adding the rest of the solution so thgt the zinc 
is always covered. As the ferric solution passes through, add 200 
c.c, of water containing 10 c.c. of concentrated sulphuric addi 
and then follow this with 100 c.c. of water. 

The solution, assuming its volume not to exceed 200 c.c, shoul 
require at least four minutes to pass through the reductor, 
titration can be made directly in the reductor flask after dilution! 
necessary, as already described. The duplicates should 
closely and check the gravimetric results when calculated to pe( 
centage of Fe^Oj. (The permanganate standard is in terms of FeJ 

The length of the column of zinc should be at least 35 cm., anfl 
I when freshly filled or after standing some time it should be washed 
with dilute sulphuric acid. Then a second lot of dilute sulphuric 
acid should be run through and this titrated with permanganate. 
If more than a drop is required to color the solution, the amout 
must be determined and subtracted from the subsequent titration! 
This is due to the iron which is usually present in zinc and whol 
, solution may not have been entirely prevented by the amalgatn 
tion. 

If air is allowed to pass through the reductor after an acid solfl 
tion and then followed by acid again, hydrogen peroxide may n 
formed, which uses up permanganate according to the reaction. 
5Hj03 4-:;KMnO,+ 3H,SO,= 50,+ K,SO,+ 2MnS0,+ SH^ 
and so gives too high results. 

This method can also be applied in standardizing. Dissolve^ 
iron wire by dilute sulphuric acid in a beaker in the pre; 
air, then run the solution of ferric and ferrous sulphates throu^ 
the reductor and titrate. 

The permanganate titration depends on the oxidation of the ii 
|i>resent from the ferrous to the ferric condition by a solution a 

.iDwn oxidizing power, hence any other oxidizing or reductm 

ts which would affect permanganate must be absent. Si^ 

's the best acid to use, but hydrochloric is permiasibO 

filUy regulated conditions. 
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Bv Potassium Dichromate. 
Make up a solution of potassium dichromate containing 4.9 
grams per liter and standardize it as follows : Weigh out at least 
two portions of clean iron wire about 0.2 gram each, and dissolve 
them in small beakers in about 20 c.c. of hydrochloric acid i.i sp. 
gr.; rinse down the cover and sides of the breaker and while still hot 
add drop by drop from a pipette a very dilute and strongly acid 
solution of stannous chloride until the solution becomes colorless ; 
then dilute to about 50 c.c. and add at once 10 c.c. of a saturated 
solution of mercuric chloride, which should give a white silky pre- 
cipitate of mercurous chloride; pour this solution into distilled 
water containing 20 c.c. of concentrated hydrochloric acid and 
dilute to about 600 c.c. Place on a porcelain tile or plate some 
drops of a very dilute and freshly prepared solution of potassium 
ferricyanide. Run in the dichromate solution until nearly the 
calculated quantity has been added, then after stirring, remove a 
drop and place it in contact with a drop of ferricyanide on the 
plate. A blue color will result due to the reaction between the ferri- 
cyanide and the ferrous iron still present; continue adding dichro- 
mate from the burette until no blue coloration is produced with a 
drop of the indicator. Treat the second portion in the same way 
and calculate the standard of the solution in terms of iron. The 
results should agree as closely as in the permanganate titration. 
The reaction of titration is : 

6FeCij + KjCjO, + 14HCI = eFeCl, + 2KCI -I- 2CrCl, -t- /H.O 
and for the blue color, 

3FeCl, -I- 3K3Fe(CN), = Fe/Fe(CN)J^ + 6KC1. 

The special precautions to be observed are ; To keep the solu- 
tion concentrated, hot and strongly acid when reducing by stan- 
nous chloride and to avoid an excess of more than one drop. If 
the solution is cold, dilute or insufficient hydrochloric acid is pres- 
ent, the reduction is slow and an excess of stannous chloride is 
added before the solution becomes colorless ; then when the mer- 
curic chloride is added a black precipitate of finely divided mer- 
cury results, which destroys the determination as it is likely to be 
oxidized by the potassium dichromate. 

The reactions are : Fe + 3HC1 = FeCI^-|- H,; 2FeC!,+ 2HCH- O 
(from the air) = 2FeCI,-i-H,0; 2FeCl,-|- SnCl,= 2FeCl,-F SnCl.and 
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with the excess of stannous chloride, SnCl,+ 2HgCl, = SnCl^ + 
HgjCI,. If the excess of stannous chloride is too great we get 
SnCl, + Hg,CI, = SnCl,+ 2Hg. 

The ID c.c. of mercuric chloride solution should be added at 
once to get it in excess as regards the stannous chloride as quickly 
as possible and so avoid the last reaction. The indicator must be 
free from ferricyanide, for if this is present we get a blue with the 
ferric salt as well, and so no end point. It should for this reason 
be made up by dissolving a crystal the size of a pin head in water 
in a small watch glass ; if more concentrated, the brown coloration 
due to ferric ferricyanide may mask the blue. When properly 
carried out the end point is extremely sensitive. 

To determine the iron in the alum, weigh out two portions of 
about 2 grams each and dissolve in hydrochloric acid i : i using 
30-40 C.C. and heating ; then reduce by stannous chloride, using 
more, of course, than with the wire, and carry out the operation just 
as in standardizing. 

This method has many advantages : first, it is extremely ac- 
curate; second ,it can be done, and is best done, in a hydrochloric 
acid solution which is the best solvent for iron in ores ; third, the 
reduction by stannous chloride is very rapid and at the same time 
does not reduce the titanic chloride often present from magnetites, 
while zinc reduces this to TiCl,, which is reoxidized by perman- 
ganate giving too high results. 

The disadvantage is the outside indicator which is tiresome 
and may cause inaccuracy when too many drops are removed. 
It is evident that this solution may be standardized by Mohr's salt 
but not by oxalic acid or oxalates as there would be no end point. 
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Analysis of Iron Ore. 

tie the complete analysis of all iron ores mig 
considered, and Ihen the determination of most of the known ele- 
ments would be involved as they are occasionqj constituents of 
iron ores. However as this is not often required of fre cHemist. 
only the determinations of greatest technical importance will be 
given in detail, namely, iron, silica, sulphur and phosphorus. 
When only a partial analysis is made, the iron is most easily deter- 
mined in separate portions, while a larger quantity is taken for the 
determination of silica, sulphur and phosphorus. 

Determination of Iron. 

Sy Potassium Dichromate. Penny's Method. — Grind about a 
gram of the sample in an agate mortar till it feels like flour, from 
this weigh out two portions of about 0.35 gram each and treat 
them in small beakers with from one to three c.c. of stannous 
chloride solution {250 grams per liter), depending on the amount 
of iron oxide present, and 20 c.c, of hydrochloric acid, i.i sp. gr. 
The beakers should be covered and heated on a hot plate for from 
ten to fifteen minutes, until the residues are white or until no 
further solution can be effected. In most cases complete solution 
of the iron takes place readily if the ore is ground to an impalpable 
powder but with some ores, particularly magnetites, pyroxene and 
other insoluble silicates containing iron may be present, which 
require a fusion with sodium carbonate, etc., to obtain all the iron 
from the greenish residue. 

{a) The residue is 'ivhile, the solution may be either colorle^is 
or yellow; if it is colorless, an excess of stannous chloride has 
been added, which must be destroyed by adding potassium per- 
manganate or hydrogen peroxide till the solution becomes yellow, 
otherwise a black precipitate of mercury would be formed in the 
ne.\t operation. Rinse down the sides of the beaker and the cover 
and while the solution is still hot add drop by drop a very dilute 
solution of stannous chloride until the iron is reduced, then dilute 
to about 50 c.c. and add lo-i 2 c.c. of a saturated solution of mer- 
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curie chloride as already described, and continue the titration as 
under iron alum. 

[6) If the residue is greeivish filter it off and titrate the soluble 
iron. Fuse the residue with at least six times its weight of potas- 
sium and sodium carbonates * in a platinum crucible for half an 
hour, using a blast lamp if necessary to obtain a clear fusion ; dis- 
solve the melt in hydrochloric acid and water and filter out 
any flocculent silica, washing it with hot water ; to the filtrate 
add an excess of ammonia, filter out the impure ferric hydroxide 
and wash it twice with hot water ; dissolve through the filter by 
hot dilute hydrochloric acid into a No. i beaker, reduce by stan- 
nous chloride, add mercuric chloride and titrate as usual by 
potassium dichromate. Calculate the percentage of iron from 
the total quantity of dichromate used. It might seem that the 
hydrochloric acid solution of the fusion could be reduced at once 
for titration, but there are two objections : first, in the presence of 
the alkali chlorides, double salts with niercury are formed which 
are easily reduced, so that a black precipitate of mercury almost 
invariably results. Second, very often in reducing by stannous 
chloride the color will become darker instead of lighter. This is 
due to the formation of platinous chloride from the crucible which 
gives a very intense color, similar to ferric chloride, but which 
passes into the filtrate when the iron is precipitated by ammonia. 

If exactly fifty times the standard of the solution is taken, twice 
the number of cubic centimeters used is the percentage of iron 
without further calculation. 

By Potassium Permanganate — Zimmerman- Reinhart Method,\ — 
Treat the ore as for the preceding method up to the point where 
the silky precipitate of mercurous chloride is obtained, being care- 
ful that not more than 1 5 c.c. of hydrochloric acid i : i is present. 
Pour this into 500-600 c.c. of cold water to which 8-10 c.c. of 
" preventive " solution has been added, and titrate by permanga- 
nate as usual, except that the end point is not a pink which lasts 
for several minutes, but the first tinge of pink which colors the 
the solution and then fades away in a few seconds. 

The ** preventive " solution is made by dissolving 160 grams of 
manganous sulphate in 1750 c.c. of water, then adding 330 c.c. of 

* These are mixed in molecular proportions, as this mixture is more easily fusible 
than either alone. 

t Mixer and Dubois, /. Am. C. 5., 17, 405. 
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Kphoric acid 1,7 sp. gr. (syrupy) and 320 c.c. of sulphuric acid 
1.83 sp.gr. 

This is the neatest and most rapid method for the determina- 
tion of iron in ores and is very accurate when properly carried out. 
We saw that if hydrochloric acid is present in considerable 
quantity, especially in a hot solution, that titration by permanga- 
nate was impossible, as the hydrochloric acid was oxidized with the 
liberation of chlorine ; so the amount of hydrochloric acid present 
must be small, not over 10 c.c. of concentrated acid in a bulk of 
500 to 600 c.c, and the solution cold. 

The effect of the "preventive" solution is as follows: The 
manganous sulphate acts as a sort of carrier of oxygen, it is 
changed to the manganic condition by any chlorine which may 
be formed and this in turn is reduced by the ferrous salt back to 
the manganous condition * and so does away with the bad effect 
of hydrochloric acid when it is present in not too large amount. 
The sulphuric and phosphoric acids give acidity and sharpen 
the end point by giving a colorless solution at the end due lo the 
preponderance of ferric sulphate and phosphate instead of chloride. 
It is important to carry out this method exactly as described, 
«ven slight variations are usually disastrous; for example, if the 
preventive solution is added to the; ferrous solution in the small 
beaker, instead of to the water used for dilution or else after dilu- 
tion, the silky precipitate is decomposed into mercurous sulphate 
■which may then give mercuric sulphate and mercury and so spoil 
the determination. 

When there is an insoluble residue it is treated as described 
under Penny's method and the solutions combined or else titrated 
separately. 

When a complete analysis of an iron ore is made, it may be 
more convenient to precipitate the iron together with aluminum 
hydroxide and phosphoric acid in an aliquot part of the soljtion. 
This precipitate can be treated by any of the methods given for 
the ferric alum or for the ore. If titanium should be present it 
■will contaminate the ammonia precipitate and in this case reduc- 
tion by stannous chloride, sulphurous acid or hydrogen sulphide 
must be used. 






iporable with the action of the oxides of nitrogen in the manufscture of sul- 
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Scheme for the Determination of Siuca, SulphorT 
Phosphorus in one Portion. 

Weigh out 5 grams of the ore ground fine in an agate mortar; 
heat with 50 c.c, concentrated hydrochloric acid and 7-S c.c. con- 
centrated nitric acid, to prevent loss of sulphur as hydrogen 
sulphide, in a beaker for about fifteen minutes ; dilute, heat again 
and filter hot; wash the residue twice with dilute hydrochloric 
acid. Place the filtrate in a casserole to evaporate on a hot plate 
or steam bath , with a watch glass over it raised to allow the escape 
of steam by a glass rod triangle. Burn the paper containing the 
residue in a platinum crucible, add to it at least six times its weight 
of mixed carbonates and a small crystal {about 0.2 gram) of sodium 
nitrate ; mix thoroughly with a stout platinum wire or dry glass 
rod, being careful not to lose any, and fuse for half to three quarters 
of an hour over a Bunsen burner, then for 10-15 minutes over a 
blast lamp. Allow the melt to cool and remove it from the crucible 
in a cake if possible. Place this in a small casserole, then cover it 
with concentrated hydrochloric acid and regulate the rate of solu- 
tion by adding water; add the solution of what remains in the 
crucible dissolved in dilute hydrochloric acid; heat to boiling and 
boil till everything has dissolved, except possibly some white 
hydrated silica. There should be no dark or gritty particles left, 
as these show incomplete decomposition of the ore and require 
refusion. If the decomposition is complete add this solution to 
the first solution of the ore (which has been evaporating) and 
evaporate to dryness; when nearly dry stir so as to form irregular 
granular masses, which present a large surface and hasten the sub- 
sequent dehydration. Place in an air-bath (covered) and heat at 
I!5*-I20° C, until no odor of hydrochloric acid is perceptible. 
If the ore is very siliceous moisten it again with hydrochloric acid 
and repeat this treatment. Add 15-20 c.c. of concentrated hydro- 
chloric acid and heat to dissolve the basic ferric salts; then dilute 
with water and heat to boiling ; filter out the silica which has been 
rendered insoluble by dehydration and wash alternately with hot 
dilute hydrochloric acid and cold water, then with water till free 
, from chlorides. Burn the paper containing the silica in a weighed 
1 crucible, ignite finally over a blast lamp, cool in a des- 
r and weigh. To make sure of the purity of the silica drive 
ulicon fluoride, SiF^, adding first a few drops of dilute 
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iphuric acid to hold back any titanic oxide and then adding 
hydrofluoric acid and warming gently on an asbestos pad, and 
finally igniting strongly. If any residue is left repeat this treat- 
ment till a constant weight is obtained. 

If there should be a residue, it is likely to be alumina, titanic 
oxide or barium sulphate, with possibly traces of iron, and in the 
present case can be neglected unless barium sulphate or titanic- 
oxide are present ; the first because we are to determine the total 
sulphur, the second because it may carry down phosphoric acid 
with it. In either event fuse this residue and leach out the fusion 
with water (no acid, or barium sulphate would reform) filter and 
add the filtrate to the main solution. If a fine white precip- 
itate should be formed at this point while the solution is still 
add, it will be barium sulphate due to the presence of more than 
enough barium in the ore to combine with the sulphate and must 
be filtered out and added to any barium sulphate found as usual.* 
Pour the main solution into an excess of ammonia diluted with 
water in a large beaker, heat, filter and wash first by decantation 
and then on the filter with hot water till free from chlorides. 
Evaporate the filtrate down to about 20o c.c, acidify and precipi- 
tate the sulphur as barium sulphate using the conditions given 
under coal analysis. 

Treatment of Precipitate containing iron, aluminum and phos- 
phoric acid, also in some cases manganese, titanium, chromium, 
arsenic, etc. Transfer as much as possible of the precipitate to a 
No. 3 or 4 beaker and place it under the funnel, pour through the 
paper hot dilute nitric acid till all the adhering precipitate is dis- 
solved, allowing the solution to run into the beaker containing the 
bulk of the precipitate, add more nitric acid and heat till the pre- 
cipitate has dissolved, neutralize with ammonia till the solution is 
deep red in color but clear, then add nitric acid again till the 
red color is just changed to orange, add ten grams of ammonium 
nitrate and warm the solution to about 6o° C, add lOO c.c. of 
molybdate solution, and allow to stand for half an hour at a tem- 
perature of about 45° C. If the operation is to be hastened the 
precipitation can be done in a flask and shaken for five minutes, 
wrapped in a towel to prevent cooling, then allowed to stand for 
another five minutes and the precipitation will be complete, unless 
the amount of phosphorus present is oniyo.Oi per cent, or less. Fil- 

• The predpilatioQ may not be complete on occoont of tbe acidity of ihe solutioa. 
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ter and wash with water to which i per cent, nitric acid and lo per 
cent, ammonium nitrate have been added until the washings give 
no brown coloration with hydrogen sulphide, showing the com- 
plete removal of molybdenum. 

The molybdate reagent is made as follows: lOO grams of 
molybdic anhydride (MoO,) are mixed with 400 ex. of distilled 
water and 80 c.c. of strong ammonia added, the solution of am- 
monium molybdate is filtered, to remove silica and dust, and poured 
a little at a time, into a mixture of 300 c.c. of nitric acid 1.42 sp. gr. 
and 700 c.c, of water; then one c.c. of a ten per cent, solution of 
sodium phosphate is added to saturate the soluton with the " yel- 
low precipitate " and the reagent is allowed to stand over night. 
The nitric acid must not be poured into the molybdate as it will 
give a separation of molybdic acid near the neutral point which is 
difficult to redissolve. For the same reason the ammonium molyb- 
date should not be added to the nitric acid all at once on account 
of the heat produced in the neutralization. 

We have now, the yellow crystalline ammonium phospho-molyb- 
date, (NHjjPOj 12M0O,, washed free from molybdenum andiron; 
dissolve this in 100 c.c. of dilute ammonia (i part 0.9 sp. gr. to 10 
of water) nearly neutralize with hydrochloric acid, and add slowly, 
not faster than 10 c.c. a minute, with stirring an excess of " mag- 
nesia mixture." The amount is judged by the quantity of the 
"yellow precipitate" and should be I c.c. for every 10 mgs. of 
phosphorus pentoxide present. The " magnesia mixture " is made 
by dissolving 55 grams of magnesium chloride and 70 grams of 
ammonium chloride in a liter of dilute ammonia, i to 10. After 
stirring briskly add about 8 c.c. of strong ammonia. The precipi- 
tate is allowed to stand in the cold for at least four hours filtered, 
washed with ammonia (i : 10, containing about 2.5 per cent. NH,) 
ignited as already described, heated with the blast lamp and 
weighed. The percentages of sulphur and phosphorus are reported 
in an iron ore, not the percentages of SO, and T,0^. 

Notes, Reasons and Properties of Precipitates. 
Some authorities recommend the fusion of the entire five grams 
to begin with. There are two important objections: First, the 
cost of the platinum crucible large enough to do it in ; second, the 
introduction of 30-35 grams of alkali chloride into the solution 
at the st^i^vhich interferes with clean separations and makes 
longer^fl^^E necessary. 
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E dehydration of silica is an operation of the greatest impor- 
tance in analytical chemistry and is usually the first step after 
solution is obtained. If the silica is not removed completely and 
at once it comes down gradually and contaminates the subsequent 
precipitates. Then we do not know whether the silica which may 
contaminate the Mf;,F,0, precipitate is from the ore or from the 
action of the solutions on the beakers. Ores contain silica as 
quartz and assilicatesoflime, magnesia, iron, etc. Some of these are 
soluble and others are not, depending on the particular minerals, 
so that the original solution of the ore may contain silica in solu- 
tion and the residue insoluble silicates besides silica ; when fused 
with alkali carbonates these give soluble alkali silicates which on 
acidifying give silicic acids. The evaporation and baking drives the 
water off these silicic acids, H,SiOj, H^SiO^, etc., giving when dried 
ataboutioo°SiO,^H,0 which is nearly insoluble. This we filter out, 
but it must be heated by a blast lamp before weighing to drive off 
the last half molecule of water. It is not to be inferred that one 
evaporation is sufficient to effect an absolutely complete separation 
of siiica, although it usually suffices for iron ores. Care must be 
taken not to allow the temperature to go above 120° as there is 
danger of the reformation of silicates above 140°C,, particularly if 
magnesium is present. 

Conditions for Precipitating tlie Ammonium Phosphomotybdate. — 
The solution should be slightly acid with nitric acid and contain 
20 grams of ammonium nitrate, no tartrates or other organic com- 
pounds, and preferably no chlorides or sulphates. The acidity 
is of great importance; if too acid, the precipitation is slow and 
often incomplete ; if too near the neutral point, the separation from 
iron is incomplete, and reddish crusts containing iron may form. 
These are insoluble when the phosphomolybdate is dissolved in 
ammonia, but may retain phosphorus and must be dissolved in nitric 
acid and the phosphorus re precipitated as ammonium phospho- 
molybdate. In regard to temperature; if too hot (85* or over), or 
if allowed to stand for a long time, the precipitate is liable to be 
contaminated by the separation of molybdic acid ; if too cold, say 
20° C, the precipitation is slow. The best temperature is about 
-1.5° C, for Che reasons given, and also on account of arsenic, 
"When this is present and the temperature is high an arsenio-mo- 
lybdate similar in composition to the phospho-molybdate separates 
and gives too high results, as it forms with magnesia mixture an 
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insoluble magnesium ammoniuin arsenate similar to the magne- 
sium ammonium phosphate. Reducing agents and silica should 
be absent ; the latter comes down as hydrated silica, but not as a 
ailicomolybdate. 

Soliiliility of AmMonium Phospho-molybdate. — Readily soluble in 
ammonia and other alkalies, in alkali phosphates ; soluble in hydro- 
chloric acid, strong sulphuric and nitric acids ; very slightly soluble 
in water. Best washed with i per cent, nitric acid and lO per cent, 
ammonium nitrate, or i per cent, sulphuric acid and lO per cent. 
ammonium sulphate. 

There is no longer any doubt as to the composition of this pre- 
cipitate when formed under the conditions given, though it may 
carry down with it somewhat uncertain but relatively small quan- 
tities of nitric acid and water of crystallization. When carefully 
precipitated it may be dried for half an hour at I20° C. and 
weighed ; it then contains 1.63 per cent, of phosphorus. 

In dissolving the precipitate very dilute ammonia is used for 
two reasons: (i) that ammonium molybdate is not very soluble in 
ammonia, (2) to avoid a great excess of ammonium chloride in ti 
subsequent precipitation. 

Magnesium Ammomum P/wspkate can be obtained under thrj 
different conditions, according to Neubauer. 

I. The precipitate is formed in a neutral or ammoniacal sold 
tion containing no excess of magnesium salt. Result, the precip 
tate contains less than the normal amount of magnesium and phoj 
phorus pentoxideis volatilized on ignition. Results low. 

3. The precipitate formed is in the presence of an excess i 
magnesium salt but during its formation ammonia is not prese^ 
in large excess. Results correct. 

3. The precipitate is formed in the presence of an excess d 
both magnesium and ammonia. Results high. 

The other precautions in regard to treating this compound haw 
been given under magnesium sulphate. 

There is no advantage in using separate portions for sulphuril 

phosphorus as they may not be entirely soluble in acids so t' 

when the silica is removed no time is saved. The insoluble phcl 

I phorus is supposed to be combined with aluminum and can I 

B "jpiered soluble by a strong ignition previous to treating wid 
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CHAPTER VII. 
Pig Iron and Steel Analysis. 

DETERMINATION OF PHOSPHORUS. 

The phosphorus in iron or steel, unlike that in ores, exists as a 
phosphide, so the first step in the analysis is an oxidizing treatment, 
solution in nitric acid, with this exception the method given for 
iron ore can be applied to steel and to pig iron after filtering off the 
graphite, etc.; but the method is too long for the demands of a 
metallurgical plant and the ** permanganate method" is very gen- 
erally used. This method has many slight variations but the 
essential features are always the sanie. The following description 
most nearly approaches the methods of W. A. Noyes and of Blair. 

Reagents : Nitric acid, 1.18 sp. gr; 

Permanganate solution, 12.5 grams per liter. 

Ferrous sulphate in fine crystals free from phosphorus (Baker 
and Adamson). 

Ammonia, cone. 0.9 sp. gr.; dilute 0.96 sp. gr. 

Molybdate solution as described under iron ore. 

Washing solution: Acid ammonium sulphate, made by adding 
27.5 c.c. of dilute ammonia (0.96 sp. gr.) and 24 c.c. of concen- 
trated sulphuric acid to water and diluting to one liter. 

The standard permanganate already described. 

Methods : Weigh out 2 grams of steel or 1-2 grams of pig iron; 
place in a 500 c.c. flask; add 50 c.c. nitric acid (1.18 sp. gr.) and 
warm gently till solution is complete, then boil for a minute (with 
pig irons there will remain a black residue of graphite), add 10 c.c. 
of the strong permanganate solution and boil till the pink color 
disappears. The permanganate is added to complete the oxidation 
of the phosphorus which must be present entirely as an ortho- 
phosphate in order to be precipitated as phosphomolybdate. On 
boiling, the manganese separates from the permanganate as hy- 
drated dioxide. This is cleared up by a reducing agent free from 
phosphorus, i, e,, ferrous sulphate, added in small portions till the 
■)lution clears, (with pig iron the graphite remains). At this point, 
'» pig irons, it is best to filter out the graphite, etc, so as to have 
solution for the precipitation of the phosphomolybdate and 
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also to save lime in the filtering and washing. Cool to about 50° C. 
and add 8 c.c. * of strong ammonia water for a steel, slightly more 
for a pig iron, if only a gram is taken. Insert a rubber stopper and 
shake till the precipitate of ferric hydroxide and phosphate redis. 
solves. Cool or warm the solution until it is as many degrees 
above or below 60° is the molybdate solution is below or above 
27° C. (so that when mixed the temperature will be approximately 
45° C). Add 60 c.c. of the molybdate reagent, insert the stopper, 
wrap in a towel lo prevent cooling and shake vigorously for five 
minutes, allow to settle for five minutes and filter through a 9 cm. 
paper. Wash from the top down with the acid ammonium sulphate 
solution until 5 c.c. give no brown coloration with hydrogen sulphide 
water (showing the complete absence of molybdenum). Pour over 
the precipitate 1 2 c.c. of ammonia (0.96 sp. gr.) diluted to 25 c.c. and 
allowthesolution to run into the precipitation flask. Wash with 100 
c.c. water, then add 80 c.c. more water and 10 c.c. of cone, sul- 
phuric acid. Pass this solution through a Jones reductor, with the 
precautions already described under ferric alum, follow it with 200 
c.c. of water and titrate the solution at once in the reductor flask 
without dilution or delay. 

Notes. — . This method is entirely satisfactory for steels and, with 
the modifications given, works well for pig irons ; it is not certain 
whether it is accurate for spiegel or for some special steels contain- 
ing chromium, tungsten, molybdenum, etc., and should be checked 
up by the gravimetric method when used on such samples. 

With pig iron the amount of ammonia to be used in neutralizing 
varies and in all case.'i some judgment must be used and the cor- 
rect degree of acidity obtained. When only 0.01 percent, of phos- 
phorus or less is present, the neutralization must be closer and the 
time allowed for precipitation longer ; with pig irons abnormally 
high in phosphorus (this is shown by the quantity of the yellow 
precipitate) more molybdate should be added. A difficulty often 
arises when the ammoniacal solution of the yellow precipitate is 
acidified — the precipitate separates out again. This can be rem- 
edied by more sulphuric acid, or better by redissolving in ammonia 
and making up to even bulk and taking an aliquot part for acidifi- 
cation and titration. This will avoid the reprecipitation and also 
using perhaps several hundred cubic centimeters of permanganate. 

» This qunnlity is to be varied so as 10 obtain a solution but slightly acid as is shown 
bf the color. 
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The solution as it comes from the redactor should be olive 
green, the depth of color depending on the quantity of molyb- 
denum. On adding permanganate different colors are formed as 
the oxidation progresses until finally the solution becomes color- 
less. It is a pink after this point, which marks the complete re- 
oxidation to M0O3 ^^^ ^^ taken as the end point. 

There has been much discussion as to the degree of reduction of 
the molybdenum after passing through the reductor. Under the 
conditions which follow, the reduction corresponds to an oxide 
Mo,p„. 

There is no evidence of the existence of such an oxide, nor is 
there a definite stopping point corresponding to this degree of re- 
duction, but under certain conditions the reduction proceeds to 
this point, viz. : Length of column of 20-30 mesh zinc, 37 cm.; 
time of passage, about six minutes; temperature, 70^-75° C; 
volume, 200 c.c. ; acidity, 10 c.c. of concentrated sulphuric acid. 
The factor for converting the iron standard of the permanganate 
to the phosphorus standard, based on reduction to Mo^^O,^ is 
0.01584; while the factors as determined experimentally* are 
0.01579 for unamalgamated and 0.01586 for amalgamated zinc. 

The factor 0.01538 corresponds to a complete reduction to 
MOjOg and should be used when the molybdenum is reduced as 
follows : Dissolve the yellow precipitate in ammonia and allow it 
to run back into the precipitation flask to dissolve what adheres to 
the sides ; the volume is now about 75 c.c. ; add 5 grams of pulver- 
ized zinc, 100 mesh, and 15 c.c. of cone, sulphuric acid. Close the 
flask with a rubber stopper provided with a bent tube dipping into 
a saturated solution of sodium bicarbonate (compare solution of 
iron wire). Allow to stand for half an hour, then if all action is 
over and the temperature is about 40° C. it is ready for titration 
by permanganate. A blank must be run on another portion of 5 
grams of the same zinc with the same amounts of ammonia and 
sulphuric acid and the amounts of permanganate consumed by the 
iron present deducted from each determination made. 

Carbon Determinations. 

Steel contains carbon combined with iron, forming different car- 
bides of which cementite, FCjC, is one of the most important. Cast 
iron, in addition to these, contains graphitic carbon. When cast iron 

* Miller and Frank, y. Am. Chetn, Soc.^ Vol. XXV., p. 925, 1903. 
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or steel is treated with strong acid the combined carbon is liberated 
as a hydrocarbon, which is volatile, and so a portion is lost. 

When the total carbon is to be determined proceed as follows: 
Weigh out I gram of pig-iron ; place in a No. 2 beaker; add 100 c.c. 
of a solution of copper potassium chloride (containing 300 grams 
per liter) and 7.5 c.c. of concentrated hydrochloric acid. For steel, 
take 3 grams, 200 c.c. of the double chloride solution and 1 5 c.c. of 
concentrated hydrochloric acid. Stir the solution at the ordinary 
temperature until the iron is dissolved, then heat to about 60^^ C. and 
stir till the precipitated copper has gone into solution; allow to settle 
and filter through ignited asbestos in a small funnel or perforated 
platinum boat; wash with hot water, dry, and burn the carbon to 
carbon dioxide in a combustion furnace with oxygen, or in a flask 
by chromic and sulphuric acids; absorb the carbon dioxide in 
either potassium or barium hydroxide solution or by soda lime, and 
from the increased weight calculate the total carbon. 

For details see Blair and Cairns' Quantitative Analysis. 

The reactions which take place are 

Fe+CuCl,= FeCl,+ Cu. 
FcjC + 3CUCI3 = 3FeClj + 3CU + C. 
Cu + CnCl^= 2CuCl. 
The potassium chloride, giving double salts, only hastens the solu- 



When the hydrochloric acid exceeds 20 per cent, there is loss ot 
combined carbon. 

Graphite is most accurately determined by dissolving 3-5 grams 
of pig iron in nitric acid 1. 2 sp. gr., using 15 c.c. for each gram 
taken, filtering through ignited asbestos, and then washing with 
hot water, hot potassium hydroxide solution, 1. 1 sp, gr., hot water, 
dilute hydrochloric acid, alcohol, ether and finally with hot water ; 
then burning to carbon dioxide. 

These solutions are used to remove iron salts, silica, hydro- 
carbons, and the final washing with water is to remove alcohol. 

This method is long and for rapid work and approximate re- 
sults the following may be used. Crobaugh's* method modified. 
Weigh 2-3 grams of drillings and transfer them to a 125 C'C- 
platinum dish, add 100 c.c. of nitric acid 1.135 sp. gr. and warm 
^ ■ to hasten solution then add about 8 c.c. of 40 per cent, hydroflui 
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acid (B. & A.) and heat for ten minutes. Filteratonce on balanced' 
filters, wash with water four times, then twice with hydrochloric 
acid I : I or till all iron is removed ; then with ammonia 0,96 sp. gr. 
until the washings are colorless, to remove hydrocarbons, then 
again with hydrochloric acid and finally with water. Separate 
the two papers and dry them at lOO°-l05° C, place one on each 
pan of the balance and weigh the graphite. Then as a precaution, 
burn them and the graphite in a weighed platinum crucible and. 
deduct any residue found from the weight of graphite. 
examine this residue to see whether any iron compound hi 
resisted solution. 

Balanced papers are obtained by taking two from the sanii 
package, which have been adjacent and so presumably contain the 
same amount of moisture, and placing on the two pans of the 
balance, to determine which is the heavier, then cutting narrow 
strips off the edges of the heavier tiJi they balance. They are 
then folded and placed one inside the other and the original solu- 
tion, as well as all washing solutions passed through both. The 
assumption is made that as they weighed the same in the begin- 
ning and have been treated in the same way throughout, when 
dried at the same temperature they ought still to weigh the sam< 

Combined carbon in steel is most rapidly determined by a coli 
comparison as follows : 

Weigh out 0.2 gram of the sample and o.3 gram of a standai 
steel in which the carbon has been accurately determined by thi 
combustion method, and which is made by the same process ant 
is in the same physical condition, into test-tubes 15 cm. long; add' 
slowly the proper amount of nitric acid 1,2 sp, gr. ; for steels con- 
taining less than 0.3 per cent, carbon use 3 c.c, ; 03,--o.5 per cent. 
4 c.c. ; 0.5-0.8 per cent. 5 c.c, and so on ; place on the top of eacl 
test-tube a small glass funnel or marble, put the tubes in a watei 
bath and heat to boiling, then boil till all carbonaceous materii 
has dissolved, shaking occasionally. This requires 20 to 45 mi. 
utes. Pour into graduated tubes and dilute one or the other til 
the colors match. For example, if the standard steel contained o.i 
per cent, carbon and when diluted to 8 c.c. matched the othi 
when diluted to 1 3 c.c, — the sample containsi 0.65 per cent, carboi 

The entire method depends on having ,two steels which 
almost exactly identical and then treating them exactly alii 
throughout. Reverse the position of the ^wo tubes when th» 
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iear to match to see whether they still agree in color and so 
offset any peculiarities in eyesight. 

Sulphur Determination, 
Sulphur may exist in four different forms in pig iron : 

1. That evolved as hydrogen sulphide on treatment with hydro- 
chloric acid. 

2. That which is evolved as an organic sulphide {CHj),S, etc.; 
which is neither absorbed by alkaline solutions nor oxidized by 
bromine to sulphate. It can be decomposed by passing through 
a red-hot tube mixed with carbon dioxide and then yields hydro- 
gen sulphide. 

3. That which is not attacked by hydrochloric acid but is oxi- 
dized by nitric acid or aqua regia; perhaps arsenic and titanium 

■ sulphides. 

4. That which is unacted on by aqua regia and requires a fusion 
to obtain it in solution. 

The methods for determining sulphur are usually classed as 
evolution or oxidation. 

The evolution methods only get the sulphur in ( l) but if all the 
sulphur is present in this condition they are accurate. The 
amount of sulphur in (2) is exceedingly small and is probably lost 
by any method in use. 

The oxidation methods get(i) and (3) and if the residue is fused 
(I). (3) and (4). 

It has been shown by repeated comparisons that the evolution 
methods are unreliable in general and can only be used on such 
material as is known to give up its sulphur by treatment with 
hydrochloric acid, i. e., slee! and pig iron from certain ores. 

Oxidation Methods. 
^ethod of Noyes atid Hdtner* — Put 200 c.c. of water and 8 c.c. 
iromine (free from sulphur) in a flask and add 5 grams of iron 
or steel drillings in portions, cooling after each addition. Solution 
takes place readily, giving ferric bromide and sulphate. When it 
is complete boil to expel the slight excess of bromine, filter, and 
wash the residue, set aside the filtrate. To the residue add about 
2 grams of sodium carbonate and burn the filter in a platinum 
Idblc, using an alcohol lamp and completing the oxidation by 
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the addition of a few crystals of potassium nitrate and reigniting. 
Dissolve the residue in water, filter, acidify the filtrate with hydro- 
chloric acid, add 5 c.c. of barium chloride solution, heat, etc., and 
weigh the barium sulphate; add three fifths of the weight of barium 
sulphate found here to that obtained from the filtrate. Place 130 
c.c. of 10 per cent, ammonia into a 500-c.c. flask and pour in the 
filtrate, dilute to the mark and mix thoroughly by pouring into a 
dry beaker and back; filter through a dry filter. Take 300 c.c. 
(three fifths) of the strongly alkaline filtrate and evaporate it in a 
wide beaker to about 100 c.c, taking care that it shall not absorb 
sulphur from the gas. Then add five to six drops of dilute hydro- 
chloric acid and precipitate the sulphur as barium sulphate in the 
usual manner. To the barium sulphate so obtained three fifths of J 
that from the residue and calculate the results on three grams of\ 
steel. • 

Notes. — This method is both accurate and rapid. It obtains altj 
but the organic sulphide which may be present. It overcomes the I 
difficulty of washing out the sulphate from the bulky ferric hydro:c-fl 
ide from five grams of iron, by taking an aliquot part, and the] 
many troubles which arise when the attempt is made to precipitate 
barium sulphate in the presence of iron. 

In some cases more than eight grams of bromine are required toJ 
eflfect complete solution. The iron should be added slowly and in-l 
portions, so as not to heat the solution by a violent reaction ana 
so cause a separation ot a basic ferric salt, which is redissolved witil 
difficulty. 

The only possible objections to this method are, the error due ioM 
the volume of the precipitate when an aliquot part of the filtrate is-fl 
removed, which is practically nothing with material so low in sul-J 
phur, and the possibility of contamination of the barium sulphatcfl 
from the residue by hydrated silica. 

Bainbet's Method is equally accurate, but less convenient 
solve at least S grams of the sample in strong nitric acid ; add 2 
grams of potassium nitrate ; evaporate to dryness in a platinuil^ 
dish and ignite. Boil with water and sodium carbonate, filter aiii 
wash with water containing sodium carbonate. Acidulate the fiW| 
tratewith hydrochloric acid, evaporate to dryness to dehydrate thea 
silica, redissolve in water and a few drops of hydrochloric acid^4 
filter and determine as barium sulphate. For further details scfrj 
Blair or Jour, Iron and Steel Inst., 1894, p. 319. 
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i\llphur is also determined * by the precipitation as barium sul- 
phate in the presence of iron, but the method is open to serious 
objections. On account of the solubility of barium sulphate in hot 
acid solutions containing ferric chloride the precipitation must be 
made in a solution only warm and tlieii must be allowed to cool 
before filtration. Under these conditions the precipitate is not 
only difficult to filter, but is usually contaminated by iron. The 
cause of the contamination as given by Kuster and Thiel f is the 
formation of the insoluble barium salt of a complex ferrisulphuric 
acid, Ba(FejS,0,),, which loses SO, on ignition, so the contaminated 
barium sulphate may give too low, not too high results, and the 
purification of the precipitate only increase the inaccuracy. This 
trouble can be avoided by precipitation in the cold or by pouring 
the ferric solution into the barium chloride, but it is preferable to 
remove the iron as given in the methods described, 

^LUTioN Method. Camp'sJ Description of the Elliott 
Method, 

SoliiCions Required. 

Iodine. — Weigh into a flask about 1 8 grams of potassium iodide 
and 8 grams of iodine ; add water and shake till solution is com- 
plete, then dilute to about 1.75 liters. This is standardized by 
steels containing known amounts of sulphur. 

Cadmiiiin Chloride. — Dissolve 1 2 grams of cadmium chloride in 
about 125 c.c. of water, add 65 c.c. of strong ammonia and filter 
into a liter bottle; 250 c.c. of water are added and the solution 
made up to a liter with strong ammonia. 

Starch Solution. — Add to half a liter of boiling water in a liter 
flask, 3-4 grams of pure starch, previously stirred to a thin paste 
with cold water ; this is boiled for ten minutes and, when cold, 3-4 
grams of pure zinc chloride are added and the solution diluted to 
a liter with cold watei. The clear solution is siphoned off for use 
and keeps well. 

Method. — Five grams of pig iron or steel are weighed offinto a 
dry half-liter flask, provided with a two-hole rubber stopper, with 
funnel tube and delivery tube with a rubber-tube connection, 
which is connected with a glass tube which reaches to the bottom 
of a test-tube 2.5 cm. wide and 25 cm. deep. In this is placed 10 

♦Colby's method is given in Cairns, p. i;o. 

^ Ztiti. fiir anorgnniichi Ckemii. XXII., 4*4. 
■ .% Hiillips' " Methods of Iron Analysis," p. 4.1. 
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c.c. of tlie ammoniacal cadmium solution, diluted with water so 
that it fills two thirds of the test-tube. So c.c. of hydrochlori<^ 
acid I : 2 (1.07 sp. gr.) are now poured into the flask through tl"»- ^ 
funnel tube and a gentle heat applied till all the iron has dissoiveci . 
then heELted to boiling until nothing but steam escapes. The af> ' 
paratus is then disconnected and the delivery Cube placed in a N'c:> ■ 
4 beaker, and the contents of the test-tube poured in, then the test - 
tube is rinsed out with 35 c.c. of dilute hydrochloric acid and witt^ 
water and the rinsings added to the beaker. The volume of tlr» ^ 
solution should be about 400 c.c, when the cadmium sulphide h.^»-^ 
dissolved, .5 c.c. of starch solution are added and the standair"*^ 
iodine run in till a permanent blue color is obtained. The iodir^» ^ 
can be adjusted to read one hundredth of a per cent, of sulphm— * * 
for each cubic centimeter when 5 grams are taken for analysis. 

The chemistry of the process is as follows : The sulphur is libe '^- 
ated as hydrogen sulphide; this is absorbed by the ammoniac^^*- 
cadmium solution, giving yellow cadmium sulphide, which is easiL- 1!^' 
dissolved in dilute hydrochloric acid, giving hydrogen sulphic^ ^ 
again which remains dissolved in the large volume of water pre^^— ■ 
ent, 400 c.c. The iodine solution reacts H,S + I, = 3H1 + S, in -^^ 
dilute solution. Then the least excess of iodine gives an intend- ■ 
blue with starch which is the end point. 

Silicon Determination. 

Drown's method or some modification is always used. Trea " 
one gram of borings with 20 c.c. of nitric acid i .3 sp. gr. in a plati- 
num or porcelain dish or casserole. When all action has ceaseC 
add 20 c.c. of sulphuric acid 1 : i and evaporate to copious fun; 
of sulphuric anhydride, allow to cool and dilute carefully wi 
150 c.c. of water, heat to dissolve ferric sulphate, filter hot anJ 
wash first with hydrochloric acid i : i and then with water till free= 
from iron. Burn off the carbon in a weighed platinum crucible: 
and weigh the SiO, ; check by driving it off with hydrofluoric acid 

Notes. — Nitric acid should be used, not hydrochloric, as there^ — 
njay be a titanium carbide present which is not attacked by hy^ 
drochloric acid alone. Modifications are to add both acids at::^ 
once t. e., nitro-sulphuric acid. This is made by adding 60 c.c. or 
cone, sulphuric acid to 600 c.c. nitric acid 1.2 sp. gr. 30 c 
used for each gram of drillings. 
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The sulphuric acid takes the water from the silica and so renders 
it insoluble. This method is more rapid than dehydration by 
means of heat alone but is limited in its application to those cases 
where insoluble sulphates are not present. Like the method 
ciescribcd under iron ore, traces of silica escape when only one 
evaporation is made, but the quantity present is so small that a 
second dehydration is rarely necessary. 

Determination of Manganese. 
Manganese in steel is usually determined colorimetrically after 
oxidation to permanganic acid by lead peroxide in a nitric acid 
solution, but the method proposed by Walters * seems preferable, 
AA^eigh 0.2 gram of the stee! to be tested and the same quantity of 
a. standard steel of known manganese content into two large test- 
tubes. Add lo c.c. nitric acid 1.2 sp. gr. to each and heat them 
in a water-bath till the nitrous fumes are driven off. Next add 15 
cc. of a solution of silver nitrate containing 1.33 grams to the 
liter, and then immediately about a gram of moist ammonium per- 
sulphate, (NH.IjS^O,, to each; continue heating till the oxidation 
is complete, then half a minute longer. Remove the tubes, while 
tlie oxygen continues to come off, and place them in cold water. 
When cool compare the colors as described under combined carbon. 
/Votes. — When the manganese is over 0.75 per cent, use only 
0.1 gram of steel. The ammonium persulphate loses its efficiency 
Unless it is kept moist. The method can be applied to pig iron 
fc>y filtering off the carbon, etc., or can be changed to a volumetric 
•iiethod by titrating the permanganate by a standard arsenite 
Solution as described by Stehman in the /oitriia/ of the American 
C^ltenmal Society for December, 1902. 

Additional References. 
T^LAiR. The Chemical Analysis of Iron. 
l^HtLLiPS. Methods of Iron Analysis. 
I_ORD. Notes on Metallurgical Analysi.s. 
-^Krnold, Steel Works Analysis. 

^Breaklev and Iubotson. The Analysis of Steel Works Materials. 
IDrown. Influence of Silicon on the Determination of Phosphorus 
in Iron. Trans. Am. I. M. E., June, 1889. 
^^^^ACKRAY. A Comparison of Recent Phosphorus Determinations 
^^Mi Steel. Trans. Am. I. M. E., October, 1895. 
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Dudley and Pease. Need of Standard Methods, etc. J. A 

Chem. Soc, September, 1893. 
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School of Mines Quarterly, Vol. 23, p. 24. 
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Soc, 24, 1076, 1902. 
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CHAPTER VIII. 

Determination of Manganese in Spiegel and in 
Manganese Ores. 

Volhard's Method. 

This is based on the following reaotion which takes place in a 
hot dilute neutral solution containing zinc sulphate or nitrate, in 
which the manganese is present as sulphate or as nitrate : 

3MnS0. + 2KMnO^ -|- 2H,0 = sMnO, + K^SO.+ 2H,S0.. 
The neutrality is maintained by the excess of zinc oxide present. 
Many modifications of the original method have been proposed, 
neutralizing with barium carbonate, sodium bicarbonate, etc., but 
the only change which is an improvement is Stone's use of nitric 
acid in the case of spiegels. 

The tenth normal permanganate solution may be used again here 
or if one is to be made up especially, 2 grams per liter is a con- 
venient strength. The manganese standard can be calculated from 
the iron standard, but it is preferable to standardize against a spiegel 
of known manganese content. 

Manganese Ore. — Treat one gram of the manganese ore, ground 
extremely fine, in a casserole with 10 c.c. of concentrated hydro- 
chloric acid and if necessary a little nitric acid to ensure the oxida- 
tion of the iron present. When pyrolusite, etc., are to be analyzed 
of course the nitric acid is unnecessary ; heat till complete decompo- 
sition is effected, then add 25 c.c. of water and 5 c.c. of concen- 
trated sulphuric acid and evaporate to fumes of sulphuric anhy- 
dride; cool, dilute to about 150 c.c. and heat to dissolve the 
sulphates completely. Examine the insoluble residue to see 
whether it is completely decomposed ; if not, as would be the case 
with franklinite, filter; fuse the residue with mixed carbonates, 
dissolve in hydrchloric acid, evaporate to fumes with sulphuric 
acid and add the solution, after diluting, to the main portion. 

Nearly neutralize the sulphate solution with a saturated solution 
of crystallized sodium carbonate, transfer to a liter flask and add a 
cream of zinc oxide (free from manganese) until the precipitate of 
ferric hydroxide, etc., settles rapidly ; shake after each addition of 
zinc oxide, so as not to use an unnecessary excess. Allow the 
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solution to cool and dilute to the mark. Mix thoroughly by 
pouring into a large beaker and back into the flask; it makes no 
difference whether any is lost after mixing, as only portions are 
taken for titration. Either filter through a dry paper and take out 
portions of either lOO or 200 c.c. each, depending on the richness 
of the ore. or withdraw such portions by a pipette from the cloudy 
liquid above the brownish precipitate in the flask. 

Place the portions in small casseroles and if 100 c.c. is taken di- 
lute it to about 300 c.c. with water. Heat to boiling, and while 
hot run in permanganate rapidly i c.c. at a time, stirring vigorously 
with a bent glass rod till a faint pink is seen against the side of 
the casserole after the precipitated manganese dioxide has settled ; 
then stir hard again to make sure that the color is permanent, for 
it sometimes stirs out and then more permanganate is required. 
The first portion is run rapidly to get an idea of the amount re- 
quired, the others quickly up to within i c,c. of the amount used on 
the first titration ; then carefully, a drop at a time, till the faint 
permanent pink color h obtained. The reason for this is that 
when the permanganate is run in slowly the dioxide adheres to 
the sides of the casserole, so that there is no longer a good back- 
ground for the end point, and also because the solution becomes 
cold, which renders the reaction less prompt. Several portions can 
be run from the original gram till satisfactory duplicates arc ob- 
tained. 

With Spiegel the method can be made even shorter. Dissolve 
one gram in about 15 c.c. of nitric acid, 1.2 sp.gr. ; boil out fumes, 
etc., neutralize with sodium carbonate solution, and proceed as 
described. 

Notes. — The original Volhard method required sulphates, but 
it has been shown that nitrates are permissible but chlorides objec- 
tionable. As manganese dioxide is insoluble in nitric acid wc can- 
not use this acid for the solution of all manganese minerals and 
so Volhard's method is given for ores. 

Neutralizing by sodium carbonate is carried on till a reddish 
color is produced but no precipitate. The zinc oxide is ground up 
in a porcelain mortar with water and the creamy liquid poured off 
for use, Lumps of zinc oxide are of no use and by occupying 
space cause an maccuracy when we withdraw say one fifth of the 
solution and consider that it contains the manganese from one 
fifth of the amount taken. Notwithstanding the error introduced 
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ate and of the zinc oxide it is better 
not to allow for them as there is another cause of error which this 
partly compensates. The precipiiale formed by the permanganate 
is not always exactly hydrated MnO, : it may be very slightly defi- 
cient in oxygen. So the best method is to standardize on a similar 
Spiegel or ore in which the manganese has been determined gravi- 
metrically rather than to calculate from the iron standard. Barium 
carbonate can be used to neutralize but the end point is not as 
sharp as with zinc oxide. There has been much discussion as to 
tlie excess of zinc oxide and the manner of adding it ; probably it 
is best to add but a slight excess in order to precipitate the iron 
and then after dilution to add more. It is however important to 
3lis the same way each time and exactly as in standardizing. 
Chlorate Separation (Hampe). 
s depends on the fact that the addition of crystals of potas- 
sium or sodium chlorate to a solution of manganese in strong nitric 
acid precipitates the manganese as dioxide on boiling. If iron is 
present a small amount precipitates with the MnO,. Chlorides 
must be absent or the precipitation is incomplete. 

The nitric acid solution is boiled down to expel other acids, etc. 
75 c.c. of concentrated nitric acid are added and the solution 
heated, then 3-4 grams of chlorate, then heated to boiling for ten 
minutes, allowed to cool somewhat and another portion of chlorate 
is added, followed by another boiling ; after cooling, the dioxide is 
filtered on asbestos and washed with strong nitric acid, then with 
water. The oxidizing power of the precipitate can be determined 
Or it can be dissolved and the manganese determined gravimetri- 
cally after the removal of the iron. The method is used for Spiegel, 
etc., and is useful for separating small amounts of manganese from 
large quantities of iron in pig iron, etc. See Ford's and Williams' 
methods in Blair's " Chemical Analysis of Iron." 
^^K Gravimetric Method for Spiegel. 

^^^^^ssolve one gram of the finely ground sample, for Spiegel is 
^^^Htle and can be pulverized in a harveyized steel mortar, in 
^awiut 15 c.c. of nitric acid, 1.3 sp. gr., in a small beaker, evaporate 
to dryness and bake to decompose the hydrocarbons and dehy- 
drate the silica; add 20 c.c. of hydrochloric acid 1 : i and heat till 
tie iron is all dissolved ; evaporate nearly to dryness to expel ni- 
tric acid ; take up with water and hydrochloric acid, if necessary 
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to give a clear solution, and filter out the residue of silica, etc. 
We now have the iron as ferric chloride, the manganese as manga- 
nous chloride in a bulk of about lOO c.c. slightly acid with hy- 
drochloric acid and no nitrates present. To this solution add a 
solution of crystallized sodium carbonate till a very slight per- 
manent precipitate is formed ; dissolve this in a few drops of dilute 
hydrochloric acid. Transfer the clear deep red solution to a large 
beaker and dilute with cold water to about 700 c.c; the solution 
should remain clear. Add one gram of sodium acetate (3 c.c. of a 
saturated solution), heat to boiling as quickly as possible and boil 
for three minutes ; slow heating or long boiling gives a slimy pre- 
cipitate which is hard to filter. Filter through a fluted paper and 
wash with boiling water. The solution must be filtered hot, as 
the precipitate is likely to redissolve in the acetic acid present if 
allowed to cool. Redissolve the precipitate iii hot dilute hydro- 
chloric acid and repeat the " basic acetate " precipitation. Com- 
bine the filtrates and evaporate them to about 350 c.c; if any iron 
separates, filter, dissolve this in hydrochloric acid and make a small 
basic acetate precipitation to recover any manganese present; 
combine the filtrates. 

Notes on the " Basic Acetate " Separation. 

This is one of the oldest and most important separations in 
analytical chemistry, and depends on the hydrolytic action of boil- 
ing water. It serves for the separation of the triad elements, iron, 
aluminum, chrominum, etc., from the dyad elements manganese, 
zinc, cobalt, nickel, etc. It is evident therefore that all the iron 
must be in the ferric condition and the manganese in the manga- 
nous, for ferrous iron is not precipitated (dyad), while manganic man- 
ganese is. This condition is readily obtained by boiling the solu- 
tion after oxidation which quickly decomposes the unstable higher 
chlorides of manganese. The separation may be complete from 
zinc but has to be repeated to ensure absence of manganese from 
the precipitate which is likely to retain nickel, cobalt or coppei 
even after several reprecipitations. 

Ferric iron is a weak base. We first neutralize nearly all of the 
free acid (HCl), then add sodium acetate which forms sodiunn 
chloride and free acetic acid ; the iron is also largely converted tc 
acetate, as is shown by the deep, blood -red color which is formed 
at this point. The solution is now ready for the hydrolysis. The 
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rule for dilution is lOO c.c. for eveiy 0.1 gram of iron present, ;, e., 
for I gramof Spiegel 700-S00 C.C- The reagent is in reality boiling 
water, which, now that we have the ferric iron combined with the 
weak acid (acetic), reacts, giving a basic acetate of iron and free 
but largely undissociated acetic acid. 

The composition of the precipitate is not uniform as the replace- 
ment of C,H,0, groups by hydroxyl goes on as the boiling pro- 
gresses. It may be Fe,(OH),(C,H,0,)., Fe,(OHX(C,H,0,) , etc. If 
the boiling is excessive two troubles may arise; the precipitate 
with many (OH) groups, approaching the hydroxide, is slimy and 
the acetic acid in solution may reach a concentration where the 
reverse reaction takes place and the precipitate dissolves. This is 
most likely to result if the solution is allowed to cool, for then the 
hydrolytic action is less strong and the reverse action has a chance 
to progress until equilibrium is again established, and we find iron 
in the filtrate. The filtrate should be tested for iron by a ferro- 
cyanide, not by a thiocyanate, in this solution containing acetates. 

Fresenius gives the dilution already mentioned and the acidity 
about one per cent, of absolute acetic acid. If too little acetic 
acid is present the hydrolytic action is too strong and manganese 
3s Well as zinc, nickel, cobalt, etc., come down with the iron, 
"Umina, etc. Titanium, if present, is precipitated with the iron, 
^so phosphorus, arsenic and vanadium in combination, as when 
amrnonia is used. 

By bearing in mind these principles it is easy to adapt the 
"^^thod to a manganese ore. Here the iron is low, the manganese 
"•gher. The chloride solution is neutralized in small volume, the 
"■^cj color will be faint, then diluted somewhat — ptobabiy 200 c.c. 
^*11 be sufficient — then less sodium acetate is added, about half a 
S^'^m. with perhaps a little acetic acid, 

AVith ferromanganese the procedure is similar, for the manga- 
"^se is 3-4 times the iron. In the case of an iron ore, when 
"^^.nganese is to be determined, this separation is substituted for the 
***»monia precipitation, then the manganese is taken out of the 
*tTatc by bromine and the filtrate used for lime and magnesia as 
*11 be described under limestone. 

The method is of very general application, but must be adapted 
*"* the particular analysis. The precipitate is never ignited and 
"^'^igiied, on account of the alkaline salts, etc., il the oxides and 
P»»cisphate3 of iron, aluminum, etc., are to be weighed together as 
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in an iron ore, the basic acetate precipitate is dissolved in hydro- 
chloric acid and reprecipitated by ammonia. It is not advisable 
to determine sulphur in the filtrate from this method on account 
of the likelihood of there being sulphur in the reagents. 

The description of the gravimetric determination of manganese 
is taken up in general from this point. 

Removal of Nickel and Cobalt. 

To the solution in a casserole add ten grams of sodium acetate 
and a few drops of acetic acid so as to give a solution but faintly 
acid with acetic; heat to boiling and pass in hydrogen sulphide 
while hot. This will precipitate the sulphides of nickel, cobalt and 
copper if present, and manganese ores often contain cobalt ; when 
the solution is saturated with hydrogen sulphide, digest for a time 
hot. then filter, and wash with hydrogen sulphide water. 

Cobalt and nickel are often present and must be removed before 
we throw down the manganese by bromine, for they also give black 
higher hydroxides. The conditions for their precipitation as sul- 
phide must be carefully maintained. 

Manganous sulphide is soluble in hydrochloric and acetic acids ; 
zinc sulphide is soluble in hydrochloric not in acetic acid. 

Nickel and cobalt sulphides, when once formed are insoluble 
in either hydrochloric or acetic acids, but are prevented from pre- 
cipitating by either acid in the cold and by hydrochloric or much 
acetic acid when hot. However when hot and the acetic acid 
rendered weak by the mass action of the sodium acetate, nickel and 
cobalt sulphides will precipitate. If they are contaminated by 
manganous sulphide this can easily be leached out by washing 
with hydrochloric acid i .025 sp. gr. saturated by hydrogen sul- 
phide. 

The explanation of the strange action of these sulphides is that 
they exist in two modifications — a soluble and an insoluble — and 
that on standing or on heating the soluble, which forms first, is 
converted into the insoluble, which then requires aqua regia for 
its solution.* 

PRECiprrATios OF Manganese by Bromine. 

The next step is the precipitation of the manganese by bromine. 

His might seem unnecessary in the case of a sptegel where there 

"«> sahs of lime, magnesia, zinc, etc., which give insoluble phos- 

^ fiSr AmarptMtk-Jk^ CJiemU, 2$, 342, 190I. 
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^^nates, but there is such an accumulation of sodium salts, etc., that 
£1 reprecipitation of themanganous ammonium phosphate is neces- 
sary, so that it is a better plan to throw out the manganese as 
<3ioxide. Boil out the sulphuretted hydrogen from the filtrate, 
^low it to cool and add 2-3 c.c. of bromine (not bromine water) ; 
Iieat to expel the excess of bromine and filter ; to the filtrate add a 
few drops of bromine and a little sodium carbonate to bring the 
solution nearly to the neutral point and heat again to insure com- 
plete precipitation of the manganese. 

I f the solution is too acid the first precipitation may not be com- 
plete; if insufficiently acid some manganese may be oxidized to 
permanganate. When this happens it can easily be reduced by 
heating with a few drops of alcohol or of sulphurous acid. 

The hydrated manganese dioxide is washed with hot water, and 
then dissolved in a little hot hydrochloric acid i : i to which a few 
c.c. of sulphurous acid have been added to cause a ready solution 
of the dioxide giving manganous chloride (compare addition of 
stannous chloride in iron ores). 

Sometimes in evaporating the filtrate from the basic acetate 
precipitate manganese dioxide separates out. If this is free from 
iron it can be filtered and added to the rest. 

Precif[tation of Manganese as Phosphate. 
There can be no doubt that of all the methods so far proposed 
for the determination of manganese this is the most accurate and 
satisfactory. To the hydrochloric acid solution add a decided ex- 
cess, at least five times the calculated quantity of either micro- 
cosmic salt, NaNH.HPO., dissolved in water or (NH.),HPO, solu- 
tion, which is readily prepared by- neutralizing phosphoric acid 
with ammonia till it just turns phenol-phthalein pink; heat, then 
add ammonia until the precipitate forms but avoid an excess. 

The first precipitate is somewhat flocculent and contains Mn,- 
(PO,), ; tliis is heated on the water-bath until it becomes crystalline 
and settles almost at once when stiired. The MnNH.PO,.H,0 
so formed is nearly white with a characteristic nacreous luster and 
is one of the easiest precipitates known to filter and wash. Allow 
the solution to cool and filter as usual, wash with water or better 
with a I per cent, solution of the precipitant, followed by dilute 
alcohol ; dry separate from the paper ; burn the paper, moistened 
with nitric acid, add the precipitate, ignite strongly and weigh the 
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manganous pyrophosphate, Mn,P,0^. Or else filter on washed 
asbestos (amphibole not serpentine) in a Gooch crucible and weigh 
after drying to constant weight at 100-105° C, as MnNH^PO^ 
H,0. 

Instead of asbestos, balanced or weighed filter papers may be used. 

Notes. — Before applying this method of precipitation the man- 
ganese must be separated from all metals except the alkalies. In 
forming the precipitate there must be a sufficient concentration of 
NH^ ions to change the Mn^PO^ formed at first to the MnNH^POj 
this is supplied by the great excess of (NHJ^HPO^ or by the 
precipitant and NH^Cl when microcosmic salt is used. Serpen- 
tine asbestos is soluble in the phosphate solutions and must not be 
used. 

An excess of ammonia turns the precipitate brown. If this 
happens, dissolve in hydrochloric acid and reprecipitate. 

It is best to separate this precipitate from the paper as it oc- 
casionally becomes reduced, giving a phosphide which damages 
the platinum. 

Additional References. 

Brearley. Estimation of Manganese in Spiegels. Chemical News. 

75, 13. 
Knorre. Ueber eine neue Methode zur Manganbestimmung. 
fiir Angewandte Chemie, 14, 1149. 

HiLDRETH. On the Determination of Manganese in Spieg^^l. 
School of Mines Quarterly, 23, 27. 
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CHAPTER IX. 
Determination of Zinc in Ores, 

Volumetric Method by Potassium Fekkocyanide. 

Zinc is precipitated by potassium ferrocyanide in a solution, 
acid with hydrochloric, according to the reaction : 32nClj + 
2K.Fe(CN), = Zn,K,Fe,(CN)„ + 6KCI. The end point is shown 
by the formation of a brown color when a drop of the solution is 
placed in contact with a drop of a uranium solution, preferably the 
nitrate. The brown is caused by the formation of uranium ferro- 
cyanide by the slight excess of potassium ferrocyanide. The 
method when properly carried out is rapid and yields very satis- 
factory results; anything which decomposes or oxidizes the ferro- 
cyanide must be absent, i. e., strong acids, chlorine, etc.. and also 
all of the numerous metals which give insoluble or sparingly sol- 
uble ferrocyanides. Those most likely to be present in zinc ores 
are cadmium, copper, iron, manganese, nickel, cobalt, antimony and 
aluminum. 

Soluticns. — A standard solution of potassium ferrocyanide, made 
by dissolving 43.2 grams of the crystallized salt, K,Fe(CN),.3H,0, 
in cold water and diluting to two liters. One c.c. will be equiva- 
lent to about S milligrams of zinc ; a S per cent, solution of uranium 
nitrate; a solution of ammonium chloride, 10 grams per liter. 

Standardising. — As the end point is not very sensitive, in the 
presence of hydrochloric acid, it is necessary to deduct from each 
reading the amount of the solution in excess necessary to give a 
certain color with the uranium nitrate. Further, as uranium ferro- 
cyanide is soluble in hydrochloric acid, the excess required for a 
definite color is dependent on the acidity of the solution. Also 
the composition of the precipitate varies, depending whether the 
solution is alkaline (NH,OH) neutral, acid with acetic or acid with 
hydrochloric; and if the excess of hydrochloric acid is too great, 
10 c.c. of concentrated or more, and the solution titrated nearly 
boiling, there is likely to result a decomposition with the forma- 
tion of blue precipitates or colors, which spoil the determination. 
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These considerations make it imperative to decide at once t 
exact conditions for titration, and then to determine the allowaaej 
for the indicator under exactlj' these conditions. ' 

The following are of the most general application; volume," 
200c,c. ; acidity, 6 c.c. of concentrated hydrochloric acid; tempera- 
ture, 70° C. (about); ammonium chloride present about lo grams. 
The ammonium chloride is added as it affects the appearance of 
the precipitate somewhat and is usually present when the titration 
is made. It seems to sharpen the end point slightly. These con- 
ditions allow for the presence of lead, which is likely to be present 
from the ore or from the test lead used to remove copper, as 6 c.c. 
of hydrochloric acid in 200 c.c. completely prevent the precipi- 
tation of lead ferrocyanide. More hydrochloric acid makes the^H 
allowance for the indicator too large and too uncertain and 9<^H 
impairs the accuracy of the method. ^| 

When lead is absent, for ores like franklinite and certain sul- 
phides containing no copper, it is preferable to decrease the acidity 
to 2 c.c. of concentrated hydrochloric acid and so decrease the 
allowance for the end point. ^H 

To determine the allowance add to a beaker a little less tha^^| 
200 c.c. of water, 10 grams of ammonium chloride and 6 c.(^^| 
of concentrated hydrochloric acid and warm to about 70^ ^-^1 
Place a number of drops of the uranium nitrate solution on ft^| 
white surface, tile or sized paper. Run in the ferrocyanide ^^ 
solution a drop at a time till, after stirring, the solution in the 
beaker gives a decided brown with the indicator. The amount 
used should be less than 0.5 c.c. This value must be determined h 
with care as it is subtracted from the burette reading in ever}r^| 
subsequent titration. ^| 

Zinc or zinc oxide can be used for standardizing. Really pure 
zinc is very difficult to obtain as it usually contains iron, arsenic 
and lead and often other impurities. Zinc oxide can be easily 
had free from these but should be freshly ignited and allowed to^H 
cool in a desiccator to insure the absence of carbonates. ^H 

Weigh out two or, better, three portions of ignited zinc oxide'^| 
each 0.2-0.25 gr<"n; dissolve these in No. 3 beakers in a little 
strong hydrochloric acid, dilute somewhat, add sodium carbonate 

11111 a slight permanent precipitate is formed (or ammonia), dissolve 
this in a drop or two of dilute hydrochloric acid, add the amount oj^^f 
id decided on (6 c.c), and lo grams of ammonium chlonde^^J 
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dilute to about 180 cc, heat to 70° C. and run in the ferrocyanide 
solution till the indicator is affected as before. 

The precipitate is white and settles well when formed in a hot 
solution containing ammonium chloride, but without considerable 
experience there is no warning of the end. Here, it is easy to cal- 
culate approximately how much wi!L be required and so avoid the 
tiresome addition of very small quantities; but in general it is 
better to divide the solution roughly in half, then titrate one half, 
adding ac.c. ata time, so as to get an idea of the quantity required, 
'f the half took between 18 and ipc.c. {nocolor at 18, strong brown 
3t 19) we can add the other half and run up to 35 cc. with safety 
3ri<l then finish with small additions till the end is reached. 

Deduct the allowance for the end point and calculate the stand- 
3*"c3s to the value of i cc. in terms of zinc. They should not show 
3 <3if)erence of more than one in the fifth decimal place. 

There is a change in the character of the precipitate which 
sterns to coincide with the completion of the reaction given, and 
sc> with the ferrocyanide used minus the allowance; this is not 
certain enough to be used as an end point, but after some experi- 
ence it will indicate that the end point will be reached in a few 
tenths of a cubic centimeter. 

There are two very different sources of zinc: (1) Zinc blende, 
sp>tialerite, with which may be classed the other soluble ores, 
Smithsonite, calamine, etc., of minor importance. The ore is 
^*l<ely to contain also lead in considerable quantity, always iron 
^Hd often manganese, copper, cadmium and sometimes antimony. 
T^lie ores from Wisconsin, Missouri, Virginia and the west all come 
**Oder this class of soluble ores. (2) Franklinite, which occurs 
"* large quantity in New Jersey. Associated with this mineral, 
**^ere is also willemite and a zinc spinel. As this ore is not com- 
I^letely decomposed by acids and a large amount of manganese is 
F^^esent a different treatment is required. It is practically free from 
*-^*^pper, cadmium, lead and antimony. 

-Method for Blende and oilier Soluble Ores. — Weigh out one gram 
*^^ the finely ground ore and treat it in a casserole or Erlenmeyer 
**^sk with 10-15 cc of hydrochloric acid, i ; I , then add 25 cc of 
^^ong nitric acid and boil down to about lO c.c. ; add more con- 
*^*2ntrated nitric acid and sodium or potassium chlorate, a few 
*^'">'stals at a time, boiling between each addition to throw out the 
'^^^nganese, and evaporate off all the liquid, but do not bake. Allow 
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to cool, and when cold add 7 grams of ammonium chloride, 15 c.c. 
of ammonia and 25 c.c. of hot water ; boil for a few minutes and 
break up any adhering particles so as to give the excess of am- 
monia and the ammonium chloride every opportunity of taking 
the zinc hydroxide into solution. Filter into a flask or beaker and 
wash the precipitate of ferric hydroxide, etc., well with the ammo- 
nium chloride solution, to which a few drops of ammonia have been 
added. 

If there is a bulky precipitate of ferric hydroxide it will undoubt- 
edly carry down zinc with it. Unless the precipitate is very small, 
dissolve it through the paper by hydrochloric and sulphurous acids 
into a clean casserole and evaporate down with nitric acid, then 
treat with chlorate, etc., as before; after washing the second pre- 
cipitate, combine the two filtrates. 

If the filtrate is blue copper is present. If cadmium is also present, 
neutralize the filtrate, heat and add 3 c.c. of concentrated hydrochlo- 
ric acid (no more)* and saturate with hydrogen sulphide to precipi- 
tate the sulphides of copper and cadmium which may be contami- 
nated by some lead sulphide, filter and wash, and titrate the filtrate as 
already described. If copper is present but no cadmium, it can .be 
most easily removed by acidifying with 10 c.c. of hydrochloric acid 
and shaking in a flask with about 30 grams of test lead (20 mesh) 
till the copper is precipitated, then decantmg, washing and titrating 
as usual. 

Aluminum foil is not good for this purpose as when much 
aluminum is in solution it is partially precipitated and makes the 
end uncertain. It is also likely to contain iron. The amount of 
alumina in ordinary ores does not interfere. 

Antimony is not likely to be present. It would be removed by 
the treatment for cadmium. 

Notes. — Lowt recommends the precipitation of the copper and 
cadmium as sulphides by hydrogen sulphide in a solution containing 
6 c.c. of concentrated hydrochloric acid in a volume of 200 c.c. and 
the titration of the zinc in the presence of these sulphides as the 
acidity is sufficient to prevent the formation of much lead sulphide. 

It has recently been stated by WaringJ that cadmium is almost 
always present in the Missouri zinc ores in quantities from .25 to 2 

* The volume is assumed to be about 150 c.c. 
"ty, American Chemical Society ^ 22, 198. 
' Paper read before N. Y. Section of the Am. Chem. Soc, Oct. 9, 1903. 
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per cent, and that it is extremely difficult to effect a satisfactory 
separation of zinc from cadmium by hydrogen sulphide with- 
out retreating the cadmium sulphide to free it from zinc. Also 
that the presence of cadmium is the cause of a slight discolor- 
ation in the ferrocyanide precipitate. In order to avoid the inter- 
ference due to cadmium, Stone's method of precipitating the cad- 
mium by aluminum foil in a sulphuric acid solution is used. This 
will, of course, precipitate copper as well, but involves the subse- 
quent precipitation of the zinc as sulphide, to avoid the troubles 
caused by aluminum salts. The sulphide is dissolved in hydro- 
chloric acid and titrated under the conditions given. Two cubic 
centimeters of acid will, be enough here as there is no lead to be re- 
tained in solution and the allowance for the end point will be less. 
Although arsenic does not interfere with the titration, it prevents 
the complete precipitation of iron by ammonia in excess and the ex- 
cess cannot be boiled out here, for then zinc would be precipitated 
as Zn(OHj),HjO. So Low recommends treating the ore with 
bromine and hydrochloric acid until the arsenic is expelled as 
bromide. 

Method for Fkanklinite. 
Although nearly all the zinc in this ore can be dissolved by a 
J treatment with concentrated hydrochloric acid, it is necessary to 
f fuse the residue to get accurate results. There is also so much 
manganese and iron present that the chlorate and ammonia separa- 
tions are not satisfactory. 

se two grams of the ore in platinum with about 20 grams of 
L mixed carbonates, dissolve the melt in hydrochloric acid and dehy- 
I drate the silica if this is to be determined. Neutralize the filtrate 
with a saturated solution of sodium carbonate till red, then add 
I pure barium carbonate suspended in water till the iron is precipi- 
tated {like the zinc oxide in manganese ore). Make up to an even 
bulk in a flask, mix and withdraw portions for the determination of 
manganese and zinc. 

A variety of methods can be used here; for rapid results, titrate 
one portion for manganese by Volhard's method, and in another 
after adding 1 c,c. of hydrochloric acid 1 : 7 titrate the total man- 
ganese and zinc by potassium ferrocyanide. (For details see Stone, 
^our.Am. Client. Soc.. 17, 473.) For more accurate work take 500 
fficx., equivalent to r gram of ore, and precipitate the manganese by 
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acetic acid solution as already described, and ii 
filtrate, after boiling down to expel acetic and hydrobromic acids, 
titrate the zinc under the standard conditions. Here the 2 ex. 
excess of hydrochloric acid is preferable to the 6 c.c. 

JVoies on the Batiuin Carbonate Separation. — Be sure that the bar- 
ium carbonate used is free frona sodium carbonate, which is used 
to precipitate it. This is done by boiling with a solution of bar- 
ium chloride for .several hours ; the barium chloride gives barium 
carbonate with any sodium carbonate present, while the excess of 
barium chloride and sodium chloride do no harm. 

Have only chlorides present; add the barium carbonate in the ] 
cold and withdraw portions or filler without allowing the pre- 
cipitate to stand long. Under these conditions the following bases 
are precipitated, according to H. Rose: AJ^O,, Mn^O,, Fe,0,, 
Cr,0,. TiO,, CdO, CuO, As,Oj. Sb,0., P.O; and others, either rare J 
or not likely to be present. 

On long standing, when hot, or when present as nitrate, somra 
zinc is likely to be precipitated. It is well in any case to examined 
the precipitate for zinc and to reprecipitale if it is found. 

In this method the barium carbonate precipitate can be used forj 
the determination of iron vol u metrically and the bromine prccipi-J^ 
tate for manganese either volumetricaliy or gravi metrically. 

Gravimetric Method. 
An outline of the plan to be pursued is: (i) Decomposition or 
[ theore. (2) Dehydration of the silica. {3)Removalof the fifth and 
sixth groups by hydrogen sulphide in weakly acid solution, bear- 
ing in mind the ready solubility of lead sulphide. (4) Reoxidation 
oh of the iron. (5) Precipitation of the iron, aluminum, etc., by 
either basic acetate or barium carbonate. (6) Removal of the man- 
; ganese by bromine. These operations have been described. 

Precipitation uf the Zinc as Sulphide. 
This is necessary because of the lime and magnesia which are 
usually present from the gangue of the ore, and which also give 
insoluble phosphates. Zinc sulphide must be precipitated under 
carefully regulated conditions so that it will filler rapidly, as it is 
liable to oxidize to sulphate on standing exposed to the air. The 
solution should be acid with acetic acid and warm, and contain 
about I s grams of ammonium chloride, which favors its separation 
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in a flocculent form which filters well. Like many other sulphides, 
it changes its form after precipitation, so it is best to saturate the 
solution with sulphuretted hydrogen gas and then allow it to stand 
in a warm place over night with a slow stream of the gas passing 
through, to prevent oxidation and insure complete precipitation. 

Zinc sulphide maybe precipitated from an alkaline solution, one 
barely acid with sulphuric acid, or from solutions of organic acids, 
citric, formic, etc.. and, best by potassium sulphide, K,S, from an 
alkaline cyanide solution (separation from nickel). 

The sulphide should be washed with hydrogen sulphide water 
containing ammonium chloride or acetate to prevent its resuming 
a semi-colloidal condition and running through the filter. It is 
readily soluble in mineral acids and is likely to be contaminated 
by other sulphides, particularly those of manganese, nickel, cobalt 
and iron. There is also danger of zinc sulphide coming down 
with the lead sulphide in a very weakly acid solution, so that this 
precipitate should be examined for zinc. 

Precipitation as Zinc Ammonium Phosphate. 
Dissolve the zinc sulphide in a little dilute hydrochloric or 
nitric acid into a beaker and boil out the hydrogen sulphide. 
Nearly neutralize by ammonia; dilute to about 150 c.c. and 
warm on a water-bath, then add a solution of ammonium phos- 
phate, {NHJjHPO^, containing ten times as much as is required 
to combine with the zinc. If the precipitate does not form, add 
ammonia carefully until it separates. Warm on the water-bath, 
until the flocculent precipitate changes completely to the crystal- 
line ZnNH^PO^ ; continue heating for fifteen minutes longer, 
allow to cool and filter. The precipitate may be treated in a 
variety of ways, but it is best to weigh as ZnNH^PO^. after drying 
at 100-105° C., rather than to ignite to pyrophosphate. Filter 
on paper, wash with a i per cent, ammonium phosphate solution, 
then with dilute alcohol. Dissolve the precipitate through into a 
weighed platinum dish by dilute nitric acid; evaporate to dryness 
and weigh as ZnNH^PO, after drying at 100-105° (this phos- 
phate has no water of crystallization) ; or filter on a Gooch cru- 
cible, using asbestos, or on balanced filters, as already described. 
The precipitate is readily soluble in acids or ammonia, and slightly 
soluble in very large quantities of ammonium salts, especially when 
hot. Microcosmic salt can be used with ammonium chloride not 
exceeding 20 grams. 



J 




74 QUANTITATIVE ANALYSIS. 

Notes, — The important properties have been given. Any othei 
metal except alkali will cause contamination. On ignition to pyro- 
phosphate, extraordinary care is required to avoid volatilization of 
zinc. The two points to be observed are a large excess of reagent to- -^- 
get a sufficiently complete precipitation (solubility product large)" ^* 
and sufficient concentration of NH^ ions to change the flocculent ^= 
precipitate completely to ZnNH^PO^. As the (NHJ,HPO^ gives 
both and the excess is easily washed out, it is the preferable re- 
agent. 

Additional References. 

Low. Technical Estimation of Zinc. J. American Chem. Soc, 22, 

198, 1900. 
Miller and Hall. Notes on the Ferrocyanide Titration of 

Zinc. School of Mines Quartefly, April, 1900. 
Dakin. Determination of Zinc as Phosphate. Chemical News, .^^ > 

82, loi, 1000. 

For the electrolytic determination of zinc see Smith's " Electro- 

Chemical Analysis," 1902. 
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CHAPTER X. 



LitnestoQe Analysis. 

The determinations usualiy required are silica, alumina and fer- 
ic oxide (together), lime and magnesia. When a complete analy- 
sis is desired carbon dioxide, water, manganese, phosphoric acid, 
sulphur and organic matter must be determined and sometimes 
also barium, strontium, chlorine, fluorine, potassium and sodium. 
Whatever may be required, the most important determinations are 
the first four, as these indicate the composition with sufficient ex- 
actness when the limestone is used as a flux in a blast furnace. 
For this purpose the determination of sulph ur and phosphorus may 
also be needed. 

As this " limestone " analysis, is important also for rocks, clays, 
cement, water for boilers, etc., it will be given in considerable 
detail. 

Scheme in Outline. 

Dissolve one gram Id 5 c.c. coac HCl, I c.c, code. UNO, and 20 c.c. wgter with 
heat in a small casserole, filter. 



JflSidUf. 


FiUrait. 


Fuse + NttKCOj dissolTe in HCl and Evaporate to dryness and dehydrate 


add to filtrate. »* in an air-bath, taite up with H,0 aod 


HCl, heat and filter. 


Jiesidui. FilfraU. 


SiO„ etc. .weigh after 


Precipitate twice by ammonia, filter, wash. 


igniting with blast 
lamp. Then driye 


fwMu'^^V ! /i//™«—PrecipiUte twice by (NH.),C,0. 
AI,(OH), ± in neutral solution. 


■ off SiO, by HF. 


P.Oj.igniteand 




Ppt.Z.Cp wash, : puirat.~^^.K^.^,. 


H Fuse any residue 
■ with NaKCO, and 


weigh. 


H Jf A1,0, add to 




titrate the combined 


H filtrate. 




*■ reprecipitale. 



This scheme is without the detail which is especially important 
in this analysis, and is given only to show the relation of the dif- 
ferent parts of the analysis. 
Determination of Silica and Oxides of Iron and Aluminum. 

Weigh out exactly one gram of the finely ground sample, trans- 
fer it to a small beaker and treat with 20 c.c. of water, 5 c.c. of 
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concentrated hydrochloric acid and about i c.c. of concentrated ni- 
tric acid, cover with a watch glass and heat until no further solution 
takes place. Filter through a very small paper into a small 
casserole and wash the residue once or twice with water. Place 
the filtrate and washings on the water or steam-bath to evaporate. 
If the limestone contained CaCO,, MgCO,, FeCO, and SiO 
only, the residue, after more careful washing, could be ignited and 
weighed as silica, as in this form it is insoluble in acids. This is 
sometimes true and saves much time with the analysis, but if there 
are present silicates of lime, magnesia, etc., these may be insoluble 
or may give gelatinous silica which dissolves partly, so to ensure 
accurate results it is necessary to fuse the residue to decompose 
some silicates and also to evaporate and dehydrate the solution to 
obtain the soluble silica. 

The nitric acid is added to oxidize the iron which may be present 
as" pyrites, FeS^, or as siderite, FeCO,. 

While the filtrate is evaporating, dry and burn the filter contain- 
ing the residue in a small platinum crucible, then add about 
times its weight of mixed carbonates and a crystal of nitrate, th< 
size of a pin head, and fuse for about 15 minutes over a Bunsi 
buner. The fusion should be perfectly liquid ; if it is not. incre; 
the heat or the flux or both until a complete decomposition of the 
insoluble residue is obtained, bearing in mind the di-advantage of 
introducing into the analysis large quantities of alkali salts. When, 
cold remove the melt in a cake if possible, dissolve it in hydi 
chloric acid and water and add this to the solution which is evaj 
orating on the water-bath. Continue the evaporation to drynt 
stirring with a glass rod, when the salts begin to crystallize 
transfer to an air-bath and heat at 1 10° C. until there is no moi 
k "^mcH of hydrochloric acid. 

"f the insoluble residue consisted of silicates of calcium, 
om or aluminum after fusion there are present CaCO,, M| 
,, NajAIjO,, Na,SiO, and the corresponding potassium saltsj 
Tcating with acid these give CaCI,, MgCl,, AlCt, and H,SiO, 
les NaCI and KCi. After combining the two solutions we 
. MgCl,, FeCl,, AlCI,. H,SiO,, NaCl, KCI, HCl. As the cal- 
chloride is the predominating salt, the dehydration of the 
win be easy on account of its great affinity for water (compare 
1 of sulphuric acid in Drown's method for silicon), so 
ulysis of an ordinary limestone it is not necessary to 
hydTation. 
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After dehydration treat the mass of salts with hydrochloric acid 
and water, heat to dissolve the salts of iron and aluminum and 
filter out the silica, which should be perfectly white. Wash with 
hot water, being careful to use a wash' bottle which gives a very 
fine stream, so as not to dilute the filtrate to more than lOO c.c. 
Burn the paper and ignite the silica over the blast-lamp to drive 
out the last of the water, cool in a desiccator and weigh. Check 
this by driving off the silica by hydrofluoric and sulphuric acids as 
already described under iron ore. If there should be a residue it 
is probably alumina, in any; event fuse it with a little mixed car- 
bonate, dissolve the melt in hydrochloric acid and add this to the 
filtrate from the silica. 

To the main filtrate add ammonia in slight excess, and heat to 
boiling, so that the flocculent precipitate of ferric and aluminum 
hydroxides collects well. This contains any phosphoric acid 
present and is probably contaminated by calcium and magnesium, 
hydroxides. Allow to settle, and decant through a filter, leaving 
all of the precipitate in the bottom of the beaker. Dissolve the 
precipitate in dilute hydrochloric acid and reprecipitate by am- 
monia, heat again, filter and wash till free from chlorides by boiling 
water, avoiding unnecessary dilution of the filtrate. Filter without 
delay as the alkaline solution will absorb carbon dioxide from the 
air and so cause contamination due to calcium carbonate. The 
remedy would be to redissolve in acid, boil out the carbon dioxide 
and reprecipitate. Burn the paper, etc., moisten the residue with 
I nitric acid and ignite finally by the blast-lamp and weigh the com- 
bined oxides of iron and alumina. 

Pkecipitation of Calcium Oxauate. 

The filtrate, containing CaCI,, MgCl,, KCl, NaCl, NH,C1 etc, is 

made decidedly acid with hydrochloric acid; then enough oxalic 

^ acid is added to combine with all the lime and the solution is 

[.Jieated to boiling. 

To the boiling solution a few drops of methyl-orange are added 

I and then gradually and with frequent pauses dilute ammonia, till 
the indicator changes color. The neutralization should take half 
an hour, then a considerable excess of ammonium oxalate is added 
and the precipitate allowed to stand for four hours. Next filter 
i wash with a i per cent, solution of ammonium oxalate,* Al- 

+ iticl»rds, Z. Aitorg. CAimh, 28, 88. 
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though if these conditions are carried out very carefully it is posi 
ble to obtain a very complete separation of calcium from magn 
sium by one precipitation, it is safer to redissolve the precipitate 
hydrochloric acid, after decanting or filtering, and to reprecipitat 
as before by neutralizing with ammonia and then adding amm< 
nium oxalate. 

The main difficulty in precipitating calcium oxalate is the coi 
tamination due to magnesium oxalate. Although this is a pei 
fectly soluble salt it is carried down by the calcium oxalate (adsorp- 
tion) and not readily removed by washing. An alkaline solutioi 
is most favorable to this contamination ; so, if to the acid solutioi 
we add enough oxalic acid to combine with the lime and theirr^^°^ 
neutralize gradually, the calcium oxalate will be formed in as aci( 
a solution as possible and also in one in which it is somewhat 
soluble, hence it will be free from magnesium oxalate and also ii 
large crystals which can be easily filtered and washed. The indi- 
cator, methyl-orange, turns before an excess of ammonia has been 
added. If we stopped at this point we would not get complete 
precipitation of the calcium as there is not yet present any consid- 
■erable excess of ammonium oxalate, so then an excess of ammo- 
nium oxalate is added, which converts the magnesium largely to 
oxalate, and by the mass action of the C^O^ ions the solubility prod- 
uct of calcium oxalate is exceeded, the Ca ions are driven out of 
solution, and the precipitation of the calcium oxalate is complete. 
Now that the magnesium is present largely as oxalate, we must 
not wait too long before filtering, as it has been found that the 
magnesium oxalate increases on the precipitated calcium oxalate. 
As the calcium oxalate is very slightly soluble in hot water, it is 
washed with a solution containing an ion in common, I per cent, 
ammonium oxalate. 

If the calcium is to be determined gravimetrically, the ammo- 
nium oxalate need not be removed ; if a volumetric method (potas- 
sium permanganate) is to be used this must be washed out with 
cold water. 

When calcium oxalate is ignited it gives a mixture of carbonate 
and oxide ; this can be heated by a blast-lamp for half an hour or 
more until constant weight is obtained and the resulting calcium 
oxide weighed. Great care must be observed to expel all the 
carbon dioxide and to avoid any reabsorption of this or of water 
from the air, by cooling in a desiccator and weighing quickly. 
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After burning the paper, etc., the residue can be converted to 
sulphate by moistening with dilute sulphuric acid and heating care- 
fully over a Bunsen burner (no blast) till the excess is expelled, 
then weighing when cold and repeating the treatment until a con- 
stant weight is obtained. 

When the oxalic acid combined with the calcium is to be ti- 
trated by permanganate, proceed as follows: Dissolve the pre- 
cipitate through the filter with the least possible quantity of hot 
dilute hydrochloric acid into a large beaker, dilute with warm 
water, add an excess of concentrated sulphuric acid (S-6 c.c), ten 
grams of manganous sulphate, and titrate at about 65 ° C. Or dis- 
solve through the paper in very dilute sulphuric acid, add more 
sulphuric acid, warm and titrate. 

Besides the properties of calcium oxalate already mentioned, 
like barium sulphate, when formed in a cold solution, it is very 
fine and runs tlirough the filter. It is dissolved by mineral acids 
and is slightly soluble in acetic acid. It should be precipitated in 
a solution containing no salts other than those of magnesium and 
the alkalies, as it would be contaminated by barium oxalate, man- 
ganous oxalate, etc. 

Magnesium Determination. 

I The filtrate should be about 200 c.c. in volume, and will contain 
' a large amount of ammonium chloride and oxalate. If the amount 
of magnesium is considerable (dolomite) it can be precipitated in 
this solution by adding sodium or ammonium phosphate and then 
an excess of ammonia, etc., as already explained. After igniting 
and weighing the magnesium pyrophosphate, it is best to dissolve 
it in dilute hydrochloric acid and to weigh any residue of silica 
with the crucible. Then subtract this weight instead of the original 
weight of the crucible, as the ammonia salts are likely to cause 
contamination of the precipitate by silica from the beakers. 

If the amount of magnesia is small, as is usually the case, it will 
not come down satisfactorily in the presence of the relatively large 
amounts of ammonia salts. Concentrate the solution as far as 
possible in a beaker, then transfer to a platinum dish and evap- 
orate to dryness. If the salts crawl up the sides, heat the upper 
edge of the dish instead of the bottom, best by putting a top on 
the burner which gives a number of small flames from the sides. 
Then ignite to drive off the ammonia salts, take up the residue 
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with dilute hydrochloric acid, filter if necessary (to remove dust a 
silica) and determine the magnesia as usual. 

A very good method of getting rid of ammonium chloride is ^•o 
add to the very concentrated solution in a casserole (just as tl^ ^^ 
salts are beginning to separate) strong nitric acid and continue tl^^^^ 
evaporation. The ammonium chloride breaks up and is expellec^^» 
probably according to the following reaction : 

NHp + HNO3 = HCl + 2H,0 + N,0, 

while the excess of nitric acid helps to decompose the oxalates. 

When the oxalates are not destroyed and sodium phosphate i 
used as a precipitant, the magnesium ammonium phosphate mus 
be washed very thoroughly to remove the sodium oxalate. 

Effect of Barium, Manganese or Phosphoric Acid. 

If the limestone contained a little barium carbonate and consider 
able pyrites, barium sulphate would be formed, which would con 
taminate the silica. After driving off the silica, fuse the residue as^^ -^ 
usual and, if a precipitate is reformed on acidifying, filter and add ^^. 
only the clear solution to the main filtrate. It might happen that ^^ '^ 
the barium carbonate was in excess of the sulphur, so that only a 
portion would be precipitated as barium sulphate while some would 
come down as oxalate and the rest as phosphate. In such a case 
add dilute sulphuric acid drop by drop before filtering ofT the 
silica so as to precipitate all the barium, avoiding much excess, 
so as not to form calcium sulphate which would contaminate it. 
Then, after driving off the silica, the barium sulphate can be 
weighed if pure or fused and reprecipitated. 

Should there be manganese present it will contaminate the am- 
monia precipitate unless the precipitation is repeated, and also the 
calcium oxalate. It is possible to precipitate calcium as oxalate 
in the presence of iron but not in that of manganese (see slag anal- 
ysis) so that the manganese must be removed before the precipi- 
tate of calcium oxalate. This can be done as follows : 

1. After several ammonia precipitations add bromine water and 
ammonia, warm and filter out the higher hydrated oxide of man- 
ganese. 

2. Saturate the filtrate, slightly alkaline with ammonia, with 
hydrogen sulphide and filter out the manganous sulphide. 

3. Substitute the basic acetate for the ammonia precipitation and 
take the manganese out of the filtrate by either bromine or by hy- 
drogen sulphde. 
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The determination of manganese has been described. 
There are cases in which the amount of phosphoric acid is more 
than enough to combine with the iron or iron and alumiaiim pres- 
ent, so that the ammonia precipitate will also contain calcium as 
phosphate, which can not be removed by solution and reprecipi- 
tation, In such a case add a known amount of iron as ferric chlo- 
i-ide, which shall furnish an excess over that required to combine 
with the phosphoric acid, and precipitate with ammonia as usual. 
.AW the lime will be in the filtrate and the ferric oxide from the 
iron solution added must be subtracted from the weight of the total 
a.lumina and (erric oxide. 



Applications of the " Limestone" Analysis. 



he most important variations when this analysis is to be ap- 
to a rock are : 

1. Fuse the entire rock with Na^CO, or NaKCO,, because so 
little will dissolve in acid that the treatment is not advisable. 

2. Dehydrate the silica by evaporation on a water-batli twice, 
or if very high in siUca (acid rock), three times. The reason for 
this is seen when we compare the composition of limestone with 
that of rock. Limestone contains perhaps 2-3 per cent, of silica 
^nd 45-50 per cent, of lime. Rock, 5o per cent, or even 80 per 
cent, of silica and a small amount of lime. So that if one hun- 
dredth of the silica present escapes the first dehydration, the error 
is 0.6-O.S per cent. 

3. Always look for manganese in a rock, a green fusion due to 
manganate when nitrate is added to the mixed carbonates in the 
fusion, but not always formed without it. 

With clays the treatment is similar to that given for rocks, but 
here the percentage of alumina is higher and that of lime and 
magnesia lower, so that the double dehydration of the silica is 
necessary, and also the refusion of any residue left after driving off 
ttie silica, which will usually be alumina, possibly also titanic ox- 
ide. The aluminum and ferric hydroxides must be very carefully 
j>iecipitated in the presence of ammonium chloride and with but 
a slight excess of ammonia. 

With rock, clay or cement, it is not enough to obtain the com- 
bined per cent, of Al^O^ and Fe^O^; the iron, ferrous or ferric, is 
also required. This can be done as follows: After igniting and 
^weighing the combined oxides, fuse them for at least forty-five 
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minutes at a low heat with 8-10 times their weight of potassium 
bisulphate or potassium pyrosulphate, then at the end add concen- 
trated sulphuric acid to reconvert the potassium sulphate to bisut- 
phate. This changes the iron and aluminum to sulphates and at 
the same time dehydrates any silica which has previously escaped 
and has precipitated with the hydroxides. Dissolve the melt in 
water and sulphuric acid, filter, add the silica to the main portion, 
reduce the iron in the filtrate bypassing it through a reductor and 
titrate by permanganate. 

For cements, which often contain about 22 per cent, of silica 
and 60 per cent, of lime, two evaporations for silica, and the sepa- 
rate percentages of oxides of iron and aluminum, constitute the 
important variations from the " limestone " analysis described. 

For the best information on rock analysis see Hillebrand, Bulk- 
tin of the U, S, Geological Survey ^ No. 176. For cement analysis, 
report of committee, y. Society of Chemical Industry ^ Vol. XXL, pp. 
12-30, 1902, and Hillebrand, y. American Chem, Soc,^ XXV., 1180, 

1903. 

This discussion also covers the main portion of slag analysis ; 
the composition of slag varies within wide limits, and there may 
be present any of the common or rare elements. But bearing in 
mind that the fifth and sixth groups are taken out after the silica, 
and the principles of the " limestone" analysis, the special meth- 
ods given later for typical slags will easily be understood. 

Determinations of Carbon Dioxide, Sulphur and Phosphorus. 

The other determinations in limestone are made on separate por- 
tions. 

Carbon dioxide is either found by loss or by direct weight, the 
methods are given in the text-books.* A rapid method is to fuse 
about four grams of borax glass (Na^B^O^) in a platinum crucible, 
and when cold weigh ; place about one gram of the dried lime- 
stone on the top of the borax glass and reweigh. Then fuse with 
a Bunsen burner till no more gas is given off (no blast), cool and 
weigh. The loss in weight is carbon dioxide, provided there is no 
moisture or organic matter present. The method is only approx- 
imate, as borax glass is slightly volatile and gives total carbon di- 
oxide, water and organic matter, when the latter are present. 



* Cairn's ** Quantitative Analysis," pp. 33-37. 
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The reaction is Na,B,0, + CaCO, = Na,B,0, + CaB,0, + CO,. 

Sulphur. — Unless barium sulphate is present, dissolve five grams 
of a sample in 15 c.c. concentrated hydrochloric acid and 5 c.c. 
concentrated nitric acid and 15 c.c. of water in a casserole, evap- 
orate, add more hydrochloric acid and evaporate to dryness to ex- 
pel the nitric acid and dehydrate the silica ; take up with hydro- 
chloric acid and water, boil and filter; neutralize the filtrate with 
ammonia so that it is just acid with hydrochloric and precipitate 
the sulphate by barium chloride as usual. 

If barium sulphate is present, fuse the residue with mixed car- 
bonates, leach with water, filter out the barium carbonate and add 
the filtrate to the main solution, dehydrate and precipitate as usual. 

Phosphorus. — Dissolve 5 grams in 40 c.c. of dilute nitric acid, 
evaporate to dryness, take up with nitric acid and water, filter, neu- 
tralize the excess of nitric acid by ammonia, and precipitate as am- 
monium phosphomolybdate, etc., as in iron ore. If the iron and 
alumina are low, the molybdate precipitation can be omitted. Dis- 
solve 5 grams in hydrochloric acid, evaporate, bake, take up with 
hydrochloric acid and water, filter; to the filtrate add 2-3 grams 
of citric acid, to prevent the precipitation of aluminum or ferric 
hydroxides or calcium phosphate, neutralize with ammonia and 
precipitate by magnesia mixture direct. 

Sulphur and phosphorus are objectionable when the limestone 
is used as a flux for iron ores. 
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CHAPTER XI. 
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The Determination of Copper in Ores and Mattes. 

Among the many methods which have been proposed for 
determination of copper the electrolytic, iodide and cyanide are 
the greatest importance and the thiocyanate and colorimet 
methods deserve mention. 

As the method of sobition is the same for all these methods, 
will be described first. 

For ores, weigh out, depending on the richness, from I to 
grams of the very finely ground sample, so as to obtain abo 
150 milligrams of copper. Treat this in a covered casserole 
Erlenmeyer flask (200 c.c.) with 20 c.c. concentrated nitric acit 
5 c.c. concentrated hydrochloric acid and 5 c.c. concentrated su 
phuric acid ; heat until all the copper has dissolved and then eva 
orate to dense white fumes of SO3 (at this point the blue color wi. 
have disappeared, no water being present), allow to cool; dilut 
with water and heat to dissolve ferric sulphate, etc. ; filter out th» 
residue, which consists of silica, silicates and the insoluble sul. 
phates of lead, barium, etc., wash this residue with hot wate: 
thoroughly, taking care to avoid unnecessary dilution. 

This treatment will dissolve the copper in all ordinary ores, buir 
if it is present as silicate (chrysocolla or slags) the residue shoulcC^^ ^ 
be fused with mixed carbonates to ensure complete decomposition, ^^^^* 

For mattes, use 0.25-0.5 gram and half the quantities of nitric^ ^*^ 
and hydrochloric acids and about 4 c.c. of sulphuric acid. Alloys^ "*^^ 
such as brass, german silver, etc., can be treated in the same wa)r*«^.^y 
when it is desired to separate out the lead as sulphate ; or dis — - 
solved in nitric acid alone, depending on the methods to be us 
for the subsequent separations. With bronze nitric acid alone 1 
used followed by long boiling in a very dilute solution, so as t 
separate out the tin as completely as possible, as metastanni 
acid. This often contains copper which is separated from ti 
by digesting the residue on a water-bath with potassium sulphid 
(not ammonium sulphide). This also applies to brass andgermai 
silver when they contain tin. 
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■ THE DETERMINATION OF COPPER. 

Electrolytic Method. 

The sulphuric acid solution containing CaSO^,Fe,(SO,),, etc., be- 
sides the possible impurities, arsenic, antimony, bismuth, can be 
electrolyzed directly, provided there is not too great an excess ol 
sulphuric acid present. 2-3 C.c. of concentrated acid in a volume 
of about 100 c.c. is a suitable quantity ; if this is exceeded a por- 
tion can be neutralized by ammonia. If the copper is from a 
chalcopyrite there will be a considerable quantity of ferric sulphate 
present, and the separation of copper succeeds best under the 
conditions given. It is impracticable to precipitate the iron by 
ammonia before electrolysis as the ferric hydroxide always carries 
down copper. If difficulty is encountered in depositing the last 
traces of copper, the solution after electrolysis can be made alka- 
line by ammonia and when there are only traces of copper pres- 
ent, the amount held by the precipitate can be neglected. In the 
filtrate the copper can be determined colorimetrically or the solu- 
tion made acid again by sulphuric acid and the electrolysis con- 
tinued. 

The colorimetric estimation consists in comparing the shade of 
ilue in the ammoniacal solution with the color of standards made 
up containing known amounts of copper in the same volume and 
having the same excess of ammonia and at the same temperature. 
For the details of this method see Heath, y. Am. Chem. Soc, Vol. 
19. p. 24, 1897, and Smith, Trans. Amencan histitiite Mining Engi- 
neers, 30, 851, 1901. When arsenic and antimony are present in 
large quantities, the method described, or any other electrolytic 
method, fails to give accurate results, as some of these impurities 
are deposited with the copper. This may be remedied by roast- 
ing the material before dissolving (after weighing), or by repeated 
evaporations with bromine, or by heating the precipitated sulphides 
with a solution of sodium or potassium sulphide, filtering and then 
di.ssolving the copper sulpliidc in nitric acid. 

When the arsenic and antimony are present only in exceedingly 
small quantities the presence of nitric acid prevents or retards their 
deposition, so that the best conditions for the electrolysis of a cop- 
per matte are, as regards acidity, 2-3 c.c. of sulphuric acid 1.84 sp. 
gr, and 3 c.c. nitric acid 1,42 sp. gr. in a volume of about 150 c.c. 

Bismuth is the most troublesome metal in connection with all 
the methods for copper; it is not removed by roasting, and 
although not easily precipitated completely by the current, it al- 
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ways contaminates the copper when present, often without causing 
any perceptible discoloration of the deposit. If present, dissolve 
the deposited copper in nitric acid, add ammonia in excess, theft 
ammonium carbonate, dilute to 150 c.c. and boil. The bismuth ^s 
precipitated as a basic carbonate, contaminated by copper; ^V 
resolution in nitric acid and reprecipitation it can be obtained pax'e; 
then washed, ignited and weighed as Bi^Og. The calculated wei^^^ 
of bismuth is deducted from the weight of the deposit. 

When the bismuth is present in large amount, or when it is su^^^ 
to be determined, the method described by Riederer, /, Am. Ch^ ^* 
Soc, Vol. XXV., p. 919, 1903, can be employed. 

The special apparatus required for the determination of copp^^^ 
consists of platinum electrodes and a suitable stand. 

The anode is usually made of a stout platinum wire, bent into-^^^ 
spiral when a cylindrical cathode is used or coiled into a disc whr^"^ 
a platinum dish is used. The cylindrical cathode is most co 
venient when many determinations are made at the same tim 
it should be open at the side so as to allow the circulation of t 
electrolyte. Both electrodes should be thoroughly clean, free fro 
deposited metal, grease or dust. This is obtained by treatmen 
with nitric acid or with alcohol and then drying above the flam< 
of a burner. 

The cathode is then weighed and connected with the negativ 
pole of the battery or source of electricity, while the anode is con 
nected with the positive pole. With cylindrical electrodes the cop 
per solution is placed in a small but tall beaker and the cathode 
adjusted so that about half an inch is out of the liquid, and the 
beaker covered by a divided watch glass or two pieces of mica to 
keep out dust and prevent loss by spattering. With a dish, a watch 
glass with a hole in the center for the anode to pass through, is 
used as a cover. 

The area of the cathode should be about ten square inches and 
the current 1.5-2 volts and 0.1-0.2 ampere. It is turned on and 
the copper allowed to deposit for from twelve to fifteen hours, then 
if the electrolyte is colorless the cathode is lowered about one 
fourth inch so as to expose a fresh surface of platinum for deposi- 
tion and the electrolysis is continued for an hour longer. When 
no more copper is deposited, a few c.c. of the solution are with- 
drawn by a pipette and tested with freshly prepared hydrogen sul- 
phide water on a white surface. This test is much more delicate 
than the blue color with ammonia. 
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As there is nitric acid present the cathode must be removed 
while the current is still passing, otherwise the nitric acid would 
immediately begin to redissolve copper. This can be done by 
siphoning out the contents of the dish and at the same time adding 
water, until the solution is too dilute to attack the deposit, or if 
the electrolysis is done in a beaker, the block beneath it can be 
removed and a beaker of water substituted, then the cathode is 
allowed to drop into the water. 

The deposited copper must be dried without oxidation ; so it is 
next rinsed off with alcohol to displace the water, then, when great 
precautions are required, with ether and is dried at a very gentle 
heat — such as can easily be borne by the hand — so as not to oxidize 
the deposit. When cold it is allowed to stand in the balance room 
for about ten minutes and then weighed. 

For the electrolytic assay as applied to refined copper, see 
Heath, Trans. A. I. M. £",, July, 1899. 

The behavior of the elements likely to be present, under the 
conditions given is briefly as follows : Iron does not interfere unless 
insufficient sulphuric acid is present. Then the nitric acid be. 
comes reduced to ammonia, which precipitites ferric hydroxide. 
In the directions given, the amount of sulphuric acid is sufficient 
to neutralize all the ammonia formed, even if the nitric acid is com- 
pletely reduced. 

Nickel and cobalt do not interfere in a strongly acid solution. 
They are, however, deposited in an ammoniacal solution, if the cur- 
rent is strong. Zinc requires the presence of a strong acid to 
prevent its precipitation, /. i7., nitric ; it may be deposited in an 
extremely weak sulphuric acid solution or readily from solutions 
of organic acids, like acetic, citric, lactic, etc. So that if the elec- 
trolysis is prolonged and the free nitric acid reduced zinc may 
be deposited. Manganese does not deposit as metal, but goes to 
the anode as peroxide; it is sometimes oxidized higher to per- 
manganic acid which gives a color to the solution about the 
anode. Lead in traces escapes precipitation as sulphate and ap- 
pears on the anode as PbO,. Bismuth contaminates the copper 
and also goes to the anode as peroxide. Arsenic and antimony 
are liable to contaminate the copper as explained. 

Silver will be removed as chloride, unless the digestion with con- 
centrated sulphuric acid is very long, then it is partly changed to 
sulphate. If present, it will deposit completely with the copper ; 
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but is easily removed by a drop of a chloride. Gold, platinui -^•^^» 
etc., would be deposited, but are not likely to be present in sui 
cient quantity to influence the results. 

In general salts are objectionable, although in some cases the 
are added. For example, Classen precipitates copper and oth( 
metals from a solution containing large amounts of ammoniui 
oxalate. Hydrochloric acid and chlorides should be absent, a 
they cause the deposit to be spongy. 

For a detailed discussion of the quantitative deposition of metals X -^s 
by electrolysis see " Electrochemical Analysis," by Prof. E. F 
Smith, 1902. 

It is of the greatest importance that a dense firmly adherent de — 
posit be obtained, free from impurities; aside from the chemical^ -^^^^ 
conditions, the character of the current has much influence on that^ -^^t 
of the deposit. 

To describe the current we must know the voltage and amper- — ^' 
age ; the latter is often given as current density, that is, the num- — •" 
ber of amperes per 100 sq. cm. of cathode area. ND.ioo = o.2 
means 0.2 amperes for each 100 sq. cm. of the submerged area of 
the cathode on which metal is deposited. 

The amperes determine the rate of deposit, according to Fara- 
day's law, but in quantitative analysis the character is of greater 
importance than the rate, so for copper a low-current density is 
used, 0.1 -0.1 5 ampere, because a stronger current (except in 
special cases) is liable to give a dark, spongy and non-adherent 
deposit, which is difficult to dry without oxidation, and to weigh 
without loss. 

The voltage should also be low enough to overcome the coun- 
ter-electromotive force of the solution and its resistance ; for copper 
about 1.5 volts, but not a high voltage, as it tends to increase the 
impurity of the deposit. The best current for electrolytic work can 
be obtained from storage batteries, or primary batteries ; but as the 
lighting circuits are more convenient, they may be used by insert- 
ing a suitable resistance. 

The counter-electromotive force necessary to deposit a metal can 
be calculated from the heat of formation of the molecule, and the 
results so obtained agree well with those found by experiment. 
But the question may well be asked, if salts, such as copper sul- 
phate, are already ionized in solution, why is all this energy re- 
quired to pull the copper sulphate apart ? The answer is found in 
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Nernst's solution-tension theory. This is, briefly, tliat each metal 
has a certain power of forcing its atoms into solution as ions; just 
as a liquid continues to evaporate at its surface till the pressure of 
the vapor becomes equal to the vapor-tension of the liquid, so the 
metal sends ions into solution till the osmotic pressure of these ions 
becomes equal to the solution-tension of the metal. Therefore, in 
order to separate out the copper ions in the formof metallic copper, a 
certain electrical pressure or intensity of current is required, so that 
tlie sum of this and the osmotic pressure shall exceed the solution 
tension. 

These differences in solution tension for different ions can be 
found in the books on physical chemistry, and while the results 
agree well with the old method of calculating counter-electromo- 
tive force, the modern method is more accurate, as it considers the 
variation of voltage with dilution. 

There is therefore a minimum voltage below which any given 
metal will not be deposited, so that theoretically, if all metals gave 
soluble sulphates or nitrates, we could apply just vollage enough to 
overcome the solution tension of the lowest in the series and when 
that metal was completely deposited, the current would cease to 
pass; then by raising the current to just above the intensity re- 
quired for the next metal, that could be deposited and so on. 
This is evidently not possible in all cases, but it is in some. If 
there are present in solution capper and silver as nitrates and a 
current of one volt is passed, only silver is thrown out. If the 
sulphates of copper and zinc are in solution (containing but a trace 
of free sulphuric acid) we can by keeping the current betxveen 1. 5 
and 2 volts deposit only copper ; while by raising the voltage so 
as to exceed the solution tension of the zinc, we can deposit brass 
and by varying the voltage, vary the percentage composition of 
the alloy. 

To return to the copper, we can prevent some metals from de- 
positing by tlie character of the solution, addition of acid, etc., 
others will not come down in an aqueous solution at all, others 
can be prevented from contaminating the copper by regulating the 
voltage so that the counter-electromotive force of copper is just 
exceeded. Practically it is often easier to remove the interfering 
element than to regulate the voltage, and then, when there is no 
metal present which will come down at a higher voltage, we need 
only adjust the amperage or current density so as to get a deposit 
suitable for weighing. 
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Additional References. 

«* The Elements of Electrochemistry/' by LeBlanc, translated by 
W. R. Whitney for the theory, and " Quantitative Chemical An- 
alysis by Electrolysis " by Classen for other methods. 

Iodide Method. 

In an acetic acid solution, potassium iodide precipitates cuprous 
iodide, with the liberation of iodine, according to the reaction : 

2Cu(C,H,0,\ + 4KI = Cu.I. + I, + 4KC,H,0,. 

or one atom of iodine is liberated for each atom of copper present 
in the cupric condition. 

The liberated iodine can be titrated by a standard solution of 
sodium thiosulphate, using starch solution as indicator, accord- 
ing to the reaction : 

2Na^S,03 + I, = 2NaI + Na,S,0^. 

Here copper acts as an oxidizing agent, liberating iodine, which 
is measured, and so the copper is determined ; a method of indirect 
titration. It is evidently essential to the success of this method 
that there should not be present any other oxidizing or reducing 
agents, for the first would liberate iodine and cause too high re- 
sults; the latter would be oxidized by the iodine liberated and 
cause too low results. 

The indicator is a solution of starch which gives an intense blue 
color to the solution in the presence of free iodine. The end point 
is the discharge of this blue color and is extremely delicate when 
the proper conditions have been observed. The starch solution is 
made by mixing about one gram of pure starch to a thin paste with 
cold water and then pouring it into about 200 c.c. of boiling water 
and boiling for several minutes. It should be allowed to cool and 
only the clear solution used. This solution does not keep well ; 
moulds grow in it which split up the starch giving dextrins and 
other carbohydrates, some of which give reddish colors with iodine. 
To guard against this a preservative such as zinc chloride or carbon 
bisulphide may be added. 

A standafd solutio7i of sodium thiosulphate is made by dissolving 

19.6 grams of the crystallized salt, Na^S^Oj. 5H,0, in water and 

diluting to one liter. Each c.c. will be equivalent to about 5 milli- 

ms of copper. Standardize as follows : Weigh out two or three 
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portions of pure bright copper foil of iOO-150 milligrams each, 
taking different weights, as this ensures a really independent de- 
termination and saves the time required to weigh out an exact 
amount. Dissolve the copper in small beakers in about 10 c.c, or 
jess of nitric acid 1.2 sp. gr., evaporate until all red fumes and all 
excess of nitric acid are expelled, best on a steam bath ; redissolve 
the copper nitrate in a little water, add a few drops of sodium 
hydroxide, which should give a slight precipitate of cupric hy- 
droxide, dissolve this in a few c.c. of acetic acid, allow to cool and 
dilute with cold water to about 50 c.c. 

Next add three grams of potassium iodide crystals {or in solu- 
tion), stirring until they have dissolved. The solution now con- 
tains a precipitate of almost white cuprous iodide and is colored 
brown by the liberated iodine. Run in the sodium thiosulphate 
solution from a burette until the brown color is very faint, a light 
straw color, then add about 5 c.c. of the clear starch solution and 
continue the titration until the blue is discharged. Near the end 
the sodium thiosulphate must be run in drop by drop and the solu- 
tion stirred thoroughly. Titrate the other portions and calculate 
the value of the solution in terms of copper. The standards should 
not differ by more than one in the fifth decimal place (third signifi- 
cant figure). 

The blue color will return after a time due to oxidation by the 
air. If the solution remains colorless for two minutes the end has 
been reached and the titration is satisfactory. If the blue reap- 
pears almost immediately there is probably some oxidizing agent 
present and if this continues after the addition of a couple more 
drops of thiosulphate solution the determination is useless. 

After the potassium iodide has been added the solution must be 
kept cold to avoid loss of iodine and titrated without delay to 
avoid oxidation by the air. As large amounts of sodium acetate 
interfere with the end point, by causing a return of the blue color, 
care should be taken to add only a few drops of sodium hydroxide 
solution (not carbojiate) in neutralizing the nitric acid. 

Assay. — To the sulphate solution of the ore or matte add two 
pieces of sheet aluminum, one sixteenth inch thick and one and 
one half inches square, whose corners are bent so that the two 
pieces only touch at the points and so present a large surface, 
then about g c.c. of strong sulphuric acid. Heat to boiling, cov- 
ered to prevent spattering, until all the copper is precipitated. Pour 
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the solution and that portion of the copper which does not adheff 
to the aluminum foil into a clean beaker and allow the copper to 
settle ; then decant through a filter, wash the aluminum foil coated 
with copper, with water and the copper in the second beaker, pour 
the washings through the same filter; remove the vessel contain- 
ing the filtrate and washings and substitute the other beaker con- 
taining the non-adherent copper; to the beaker containing the 
aluminum foil add 5-6 c.c. of nitric acid 1.2 sp. gr. and warm till 
all the copper has dissolved, then pour the acid copper nitrate soli 
tion throufjh the filter into the beaker below, which contains 
rest of the copper and heat tiil all the copper has dissolved. 

li the precipitated copper is red in color and evidently pure, 
washings of the beakers and filter can be added at once and the 
excess of nitric acid expelled and the copper titrated exactly as in 
standardizing. If the copper is dark, before diluting with the 
washings add half a gram of potassium or sodium chlorate and 
boil to oxidize any arsenic which may be deposited with the cop- 
per, then add the washings and evaporate as usual. When anti- 
mony is present it will be oxidized by the nitric acid and be almo.st 
all filtered out; the traces which dissolve must be oxidized like the 
arsenic. It is of the utmost importance that all the chlorate is de- 
composed and the chlorine and oxides of chlorine boiled out, as 
these would liberate iodine later on. 

Bismuth will be deposited with the copper by the aluminum 
will dissolve in nitric acid and unless thrown out as a basic salt whi 
the copper nitrate is dissolved in water, will precipitate as a broi 
iodide, Bil,. As this is not attended by any liberation of iodii 
' it will not affect the results, but as this iodide is somewhat soluble 
in potassium iodide a brown-colored solution is produced, which 
may look like. liberated iodine, and so too much thiosulphate soh 
tion niay be run in before the starch solution is added. 

In titraring some ores the end point may not be exactly the 
as with pure'copper, due to inipurities. such as bismuth, lead, etc. 
which give a greenish solution after the starch is added, so that the 
change is not from blue to white, but from a dirty green to a yel- 
lowish iwhite.' 

The amount of potassium iodide has been given as three grai 
this quantity is required for the reaction and the excess nece: 
tt> hold the liberated iodine in solution. More does no hann, 
■«s the reagent is expensive, it should be used sparingly. The 
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point is so sharp that slight variations of the volume or of the 
amount of copper present have no effect. Ferric salts cannot be 
present, as they liberate iodine; in the method described they are 
reduced to the ferrous condition when the copper is precipitated 
by aluminum and are thrown away in the filtrate. If sodium car- 
bonate is used instead of hydroxide in neutralizing the coppernitrate 
solution some copper remains in solution as bicarbonate. Then, 
when the potassium iodide is added, iodine and carbon dioxide 
are liberated together, and some iodine is lost by being carried out 
with the carbon dioxide. 

It has been proposed recently by Low to neutralize here with 
ammonia and then to acidify by acetic acid as described: also to 
oxidize any arsenic or antimony present to the pentad condition 
by bromine instead of chlorate. For further information on 
this method see: Low, .7. Am. Chem. Sac, iS, 458 and 24, 1083, 
1902. Beringer's ■' Assaying," p. 160. 

Potassium Cyanide Method. 

This method is very largely used, &s it is more rapid and less 

expensive than the iodide method. It depends on the conversion 

of the intensely blue Cu[NH,), ion into a colorless Cu{CN), ion, 

or practically the measurement of the amount of potassium cyanide 

solution necessary to decolorize the ammoniacal solution of copper 

—aitrate or sulphate. 

!■ The reaction for the sulphate is given by Treadwel! as follows : 

" 2Cu(NH,).S0,, H,0 + 4KCN = 2Cu(CN), -f 8NH, + 2K,S0„ 

then the 2Cu(CN'), breaks up, giving Cuj(CN) and (CN),, and, if 
sufficient potassium cyanide is present, forms KjCu,(CN),, while 
the (CN}j reacts on the excess of ammonia, like CI on KOH, giving 
NH ON and NH,CNO. So the complete reaction is, 

^2Cu(NH,). SO..Hp + 8KCN = K,Cu(CN)„ + NH,iqN ■ 
-I-NH.CN0 + 6NH, + 2K^S0.. -'■ ' ^' 

This is not advanced as a perfect explanation of -what takes 
place, but to show how complex the simplest form of the reaction 
is. Then if we begin to consider the inHuencc of other salts 
present and the easy conversion of ammonium cyanate into urea, 
a large field of possible organic compounds is opened ; so it is evi. 
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dent that the reaction must be carried out under identical condi- 
tions in order to obtain accurate results. The following facts 
also emphasize this : 

1. Increase of temperature decreases the intensity of the blue 
color. 

2. A large excess of free ammonia tends to vary the color and 
give low results. 

3. Ammonium sulphate gives low results. 

4. Hydroxides, bicarbonates, sulphites and nitrites affect the 
results. 

5. Salts of silver, zinc, nickel, etc., which react with potassium 
cyanide must be absent. 

6. Ferric or manganese hydroxides should not be present, as 
they hold copper and mar the end point. 

The titration must therefore be made in the absence of iron, 
manganese, zinc, nickel or silver salts, best without ammonia salts, 
at the same temperature (the lower the sharper the end point), 
with the same excess of ammonia, with the same volume at 
the end, and with approximately the same amount of copper 
present. 

Make up a solution containing 22 grams of pure potassium 
Cyanide per liter. Weigh out two or three portions of pure copper 
about 150 milligrams each; dissolve them in nitric acid, in a beaker 
capable of holding 200 c.c. easily, with a mark at 150 c.c. ; boil 
out the oxides of nitrogen ; dilute with cold water to about 80 c.c. ; 
neutralize with dilute caustic soda solution till a faint permanent 
precipitate forms ; then add 6 c.c. of strong ammonia (0.9 sp. gr.) 
and run in the potassium cyanide solution till the blue color is very 
faint; dilute to the mark (150 c.c.) and continue the titration until 
the solution is colorless. 

To apply the method to ores, etc., follow the directions given for 
the iodide method until the copper is precipitated on aluminum 
foil, dissolve this in nitric acid and proceed as in standardizing. 

The method is very accurate after a little experience with the 
end point, and its most important feature is the necessity of abso- 
lute uniformity in the conditions of titration. Should great rapidity 
be required at the expense of accuracy, the ore can be dissolved 
in nitric acid, an excess of ammonia added, then titrated to a faint 
blue, the residue ferric hydroxide, etc., filtered out, and the titration 
*inished on the clear filtrate. 
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!^he cyanide solution keeps best in tlie dark, but as it is con- 
itantly losing hydrocyanic acid it requires frequent standardizing. 
For further information see: Beringer's "Assaying," p. 154, 
id H. H. Miller, 7ra>is. A. I. M. E.. Nov., 1901. 



Thiocvanate Method. 

This method has many modifications and is only recommended 
for low grade, impure ores or tailings containing less than three 
per cent, of copper and particularly when the impurities are arsenic 
and antimony. What follows is taken largely from an article by 
Guess,* and the thesis of Lindeman, Columbia University, 1903. 

The essential features of the method are as follows, the prelimi- 
nary treatment being as already given ; The filtrate containing sul- 
phates is neutralized by ammonia and then rendered acid by either 
hydrochloric or sulphuric acid (I per cent, of either is sufficient 
acidity), next a slight excess of sulphurous acid is added and the 
solution heated, then a decided excess of potassium thiocyanate f is 
added and the solution stirred vigorously for a couple of minutes 
on the water-bath ; filtered immediately and washed with hot acid- 
ulated water several times. The precipitate is treated in the fimnel 
with a hot 10 per cent, solution of sodium hydroxide, giving sod- 
ium thiocyanate. which is obtained in a clean beaker, and cuprous 
hydroxide which is left on the paper. This is washed by hot 
water. The alkaline filtrate is acidified with dilute sulphuric acid 
and the free hydrothiocyanic acid is titrated (warm) by potas- 
sium permanganate, according to the reaction, loHSCN -f- 12 
KMnO.-f 8H,SO,= 6K,SO.-i- i2MnSO,-f- loHCN -!- SH,0. 

The theoretical factor for changing the iron standard to the cop- 
per standard is 0.1920, but it is safer to standardize against cop. 
per on account of the slight solubility of the cuprous hydroxide in 
caustic alkali. The results so obtained agreed with a factor of 
0.lSg2. Of the metals likely to be present silver and possibly 
bismuth are the only ones which give insoluble thiocyanates under 
the conditions given. The silver would not interfere, for if not 
thrown out as chloride, the silver thiocyanide would be left with 
the cuprous hydroxide as it is not easily decomposed by alkali. 
The bismuth thiocyanate is soluble in acids and will usually be 
held in solution unless much is present. It is, however, precipi- 

•/. Ameriian Chim. Soc, 24, 708, igol. 
fOfteii called iu1phoc)'aiiide. 
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tated as metallic bismuth if a large excess of sulphurous acid is 
used in effecting the reduction of the copper. 

The weak point of the method is the precipitation of the 
cuprous thiocyanate, which requires careful regulation of the 
acidity, especially when bismuth is present. The advantages are 
the large quantity of permanganate used for small amounts of 
copper and the non-interference of arsenic and antimony. 

The precipitation of copper as thiocyanate is used in alloys 
suchas german silver, and to separate the bulk of the copper from 
the impurities in the analysis of pig copper. 

Additional References. 

Van Name. American J. Science, 163, 138-144. 
Parr, J. Am. Chem. Soc, 22, 685, 1900. 
Meade. J. Am. Chem. Soc, 20, 610, 1898. 
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CHAPTER XII. 
The Determination of Lead in Ores, 
well-known inaccuracy of the fire assay for lead has rendered 
more important the volumetric methods for its determination. 
The basis for the sale of ores is now, in many cases, the percentage 
catually present, as shown by wet methods, minus two per cent., 
instead of the fire assay results.* 

The methods to be described are : First, the gravimetric, weigh- 
ing as sulphate ; second, the ferrocyanide; third, the molybdate. 
While there are many other excellent methods, notably Koenig's 
alkalimetric, and the various modifications of the chromate, the 
three described are sufficient. 



^K*! 



Gravimetric as Lead Sulphate. 
reat from 0.5 to i gram of tlie very finely ground ore, depend- 
ing on the amount of lead present, with 15-20 c,c. of concentrated 
nitric acid and a few drops of concentrated hydrochloric acid in 
a small covered casserole or Erlenmeyer flask ; boiling until no 
further solution takes place and the sulphur (if the ore isasulphide) 
is completely oxidized, adding more acids if necessary to complete 
the decomposition. Allow to cool slightly and add about 10 c.c. 
of sulphuric acid 1.41 sp. gr. (i part concentrated acid to i of 
water) and evaporate to copious, dense fumes of sulphur trioxide. 
Ail the common ores of lead will be decomposed by this treat- 
ment, which is carried out as already described under copper. 
The addition of a little hydrochloric acid is not always required, 
but usually aids in the solution of the lead. The evaporation 
should be nearly to dryness so as to ensure the complete conversion 
of lead to sulphate and also to prevent there being present too great 
an excess of sulphuric acid after dilution, more than 1-3 per cent. 
Allow the lead sulphate, etc, to cool and add cautiously about 
100 c.c. of distilled water and boil for several minutes to dissolve 
the ferric sulphate, etc., allow to cool and add about 15 c.c. of 
strong alcohol, stir well, allow to settle and decant through a small 
filter, leaving as much as possible of the insoluble sulphates and 
the silicious residue in the casserole or flask. Wash the residue 



* See lies, School of Mines Quj 



■, Vol. XV., p. 336, 1894. 
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by decantation thoroughly with water containing i per cent, sul-' 
phuric acid and lo per cent, alcohol. Pouring the washings through 
the filter, and wash finally with alcohol alone to remove the sulphuric 
acid. Place a clean beaker under the funnel, dissolve the lead sul- 
phate from the residue in a strong hot solution of ammonium 
acetate, slightly acid with acetic acid; pour this solution through 
the filter into a clean beaker. Repeat this treatment until all the 
lead sulphate has dissolved ; then wash tlie residue onto the filter 
and wash it finally with hot water. Most of the trouble in the de- 
termination of lead occurs Just at this point; lead sulphate when 
free from other insoluble sulphates and freshly precipitated dis- 
solves readily in hot ammonium acetate, but when ignited or if 
contaminated by barium, strontium or calcium sulphates, boiling 
for half an hour with a liberal excess of ammonium acetate is abso- 
lutely necessary for its complete solution. The ammonium acetate 
is best made by neutralizing acetic acid with ammonia as the 
crystallized salt is an expensive reagent and has to be used in 
large quantities. On solution P^CjHp,)^ and {NH.\Pb(SOJ, are 
formed. The filtrate is acidified with dilute sulphuric acid, which 
reprecipitates the lead sulphate, alcohol is added as before (about 
lo per cent.) and the precipitate filtered and washed; first with 
per cent, sulphuric acid and lo per cent, alcohol and finally wil 
strong alcohol alone, either ethyl or methyl. 

The ignition of the lead sulphate, when filtered on paper, giv< 
considerable trouble and often inaccurate results because the car- 
bon of the paper causes reduction to sulphide and sometimes to 
metallic lead, which requires reconversion, by nitric and sulphuric 
acids, to lead sulphate, often accompanied by mechanical loss. 
This difficulty can be overcome by using a Gooch crucible with 
asbestos alone, or as follows : Cut out two pieces of " acid-washed" 
filter paper so as to fit the bottom of the crucible accurately (using 
a 5-cent piece) and place them on the bottom of the crucible; then 
on top of these a thin layer of asbestos which has been washed 
with dilute sulphuric acid, making a layer of about -^^ of an inch; 
then, while still wet, suck this down by a strong suction as tightly 
as possible and dry in an oven to constant weight at 1 10" C After 
weighing moisten the filter and then pour in the solution contain- 
ing the lead sulphate, using a very gentle suction at the beginning 
wash as described, dry again at 1 10° C. and the increased 

lead sulphate. 
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This method has been thoroughly tested and will yield results 
(when properly carried out) which are accurate to within a few 
hundredths of a per cent. When such accurate work is not required 
the alcohol may be omitted, but the use of the Gooch crucible is 
stTongiy recommended when the necessary suction can be obtained. 

Lead svlphate is slightly soluble in water and quite soluble in 
concentrated sulphuric acid ; it is almost insoluble in a I per cent- 
solution of sulphuric acid and insoluble in alcohol. Besides being 
soluble in ammonium acetate it is soluble in ammonium chloride 
and other ammonium salts. Boiling with alkali carbonates con- 
verts it to carbonate, which can then be readily dissolved in acids. 
Koenig dissolves the lead carbonate in standard nitric acid and 
then by titrating back with a standard solution of caustic soda, 
using methyl orange as an indicator, determines the quantity of 
acid required to dissolve the lead and so finds the lead present. 
This method has a great advantage over the other volumetric 
methods in the end point, which is sharp and satisfactory, while 
the others are spot tests and an allowance for the excess required 
must be subtracted, as in the zinc titration by potassium ferrocya- 
nide. Lead sulphate is not volatilized if present when silica is 
driven off by hydrofluoric and sulphuric acids.* 

In some cases it is preferable to precipitate the lead as sulphide 
and subsequently convert it to sulphate by strong nitric acid. It 
should be borne in mind that lead sulphide is the most soluble of 
the fifth- and sixth-group sulphides in hydrochloric acid, so that 
less than 2 c.c. of concentrated hydrochloric acid should be present 
in each 100 c.c. of solution. It can also be precipitated from a 
neutral or alkaline solution, or one slightly acid with nitric acid. 
This separation is often necessary with alloys containing antimony, 
tin, etc., where the sixth-group metal is subsequently removed by 
digesting with fixed alkali sulphide. 

Fekrocyanide Method. 

This method is the same as the gravimetric up to the point 
where the lead sulphate and insoluble residue has been washed free 
from sulphuric acid. Add to the residue in a flask or casserole at 
least 15 c.c. of a solution of commercial ammonium carbonate, sat- 
urated in the cold; heat to boiling, then allow to cool, and filter 
through the filter already used to retain any lead sulphate from 

•Mesde,/. Am. Oum. Sue., Vol. XIX., p. 37, 1897. 
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washing the lead sulphate and residue. Wash the flask and p^^' 
cipitate till the washings show no alkaline reaction. Place in t:T^^ 
flask lo c.c. of so per cent, acetic acid and about 20 c.c. of wa.*^^^ 
and boil till the lead carbonate has dissolved completely ; dilute ^^ 
nearly 100 c.c, warm to 60° C, and titrate by potassium ferro 
anide, using uranium nitrate as an indicator, as with zinc. 

As in the zinc titration, uniformity in the conditions for titrati 
are essential to correct results. The same standard solution can 
used, or better, one half the strength, about 10 grams of crystalliz 
potassium ferrocyanide per liter. With such a solution the allov ■ ^^" 
ance for the indicator should be about 0.8 c.c. ; with the strongs* '^^ 
solution, of course, it is less. This allowance is a matter of in(t==^^' 
vidual eyesight and should be determined on a blank test made u^i" ^P 
of 100 c.c. of water and 10 c.c. of 50 per cent, acetic acid at ^ 

temperature of 60° C. 

The standard is obtained by treating portions of pure dry lea -^^^ 
sulphate with ammonium carbonate, dissolving the lead carbonat::::^ ^^ 
in acetic acid and titrating under the conditions given. 

The formula of the precipitate is nearly Pb^Fe (CN)g. It doe 
not vary as greatly with changed conditions as the zinc ferrocyanidi 
does, but as it is much more soluble equal care must be exercisec^^ 
in obtaining just the conditions given. The objectionable fea- 
ture is the end point. Many other indicators have been tried, buf 
nothing better than uranium salts has been found. The good fea — 
ture of the method, which is, in fact, the reason for giving it 
slight preference over all the others is that the impurities likely 
be present are almost without effect. Antimony even if present to 
the extent of 0.200 gram is absolutely without effect. Bismuth gives 
results slightly low, but as 0.360 gram only lowers the amount o 
I per cent, ferrocyanide used by 0.6 c.c. it will not affect results when 
present in small quantities. Calcium and strontium are without 
effect. Barium gives slightly low results. These statements are 
based on a series of experiments carried out exactly as the method 
is described here, the low results are not to be attributed to the 
titration but to the barium and bismuth interfering with the con- 
version of lead sulphate to carbonate, for this reason, in some cases, 
the amount of ammonium carbonate solution should be increased 
considerably, even up to 50 c.c, and also the time of heating. 

The other metals which give insoluble ferrocyanides do not give 
insoluble sulphates or basic salts, so they pass into the filtrate when 
the lead sulphate and residue are filtered. 
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MOLYBDATE METHOD. 

This is based on the precipitation of lead as PbMoO^ by a standard 
Solution of ammonium molybdate in a hot solution slightly acid 
with acetic acid.* The end point is a spot test with tannin solu- 
tion which turns yellow when the molybdate is in excess. 

The standard ammonium molybdate is made by dissolving 9 
grams of the pure salt in water and diluting to one liter; if the 
solution is not clear, add a few drops of ammonia. It is standard- 
ized by weighing out several portions of dry lead sulphate ; dis- 
solving them in hot ammonium acetate ; adding 2-3 c.c. of acetic 
acid and titrating at about 90° C. till a drop of the clear solution 
gives a slight but distinct yellow color with a drop of a freshly pre- 
pared tannin solution, which contains about i gram to 300 c.c. of 
water. The most important point is to titrate hot. If the solution 
has become cool on account of slow work in titration, it should be 
heated again so that it is hot when the titration is finished. The 
solution should be decidedly acid with acetic acid. Here and also 
in the preceding method the plan given under zinc of dividing the 
solution roughly in half for titration can be utilized. 

As an allowance must be made for the excess necessary to 
affect the indicator, uniformity in volume is essential; 200 c.c. is 
recommended. With this volume and the conditions given the 
allowance should not exceed 0.8 c.c. Many attempts have been 
made to obtain a more satisfactory end point for this method but 
so far in vain. The most satisfactory substitute has been devised 
by J. I,. Danziger. Crystals of stannous chloride are dissolved 
in acetic acid till a saturated solution is formed ; this is then satu- 
rated with ammonium thiocyanate. The solution so obtained 
gives a pink color with ammonium molybdate and is about as deli- 
cate as the tannin reaction. 

To apply this method to an ore, follow the gravimetric method 
till the lead sulphate is dissolved in ammonium acetate, acidify 
with 2-3 c.c, of acetic acid, dilute to 200 c.c, heat to boiling and 
titrate as in standardizing. 

Interferences. — Antimony and bismuth are without effect. Barium 
gives very low results: strontium low results: calcium very 
slightly low results, but not enough to affect ordinary work. As 
in the ferrocyanide method the action of these alkaline earth sul- 
phates is to impede the solution of the lead, and the difficulty can 

•H, H. Aleiander, Engineering and Mining Journal, April, 1893, p. 298. 
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be entirely overcome by thoroughly washing the lead sulphate 
and then boiling it repeatedly with sufficient ammonium acetate. 
For comparative results on these and other methods see Bull, 
School of Mines Quarterly, Vol. XXIII., pp. 348-366, also Z 
fur analyiische Chemie, Vol. 41, pp. 653-674, 1902. 
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CHAPTER XIII. 

The Determination of Antimony in Ores. 

On account of the great inaccuracy of the fire assay for antimony 
: has been abandoned and its place taken by a " wet assay." 
Before describing these methods a short description of .the gravi- 
metric determination will be given and a few of the more important 
""separations of antimony. 

The important ores of antimony are stibnite Sb^S^, cervantite 
Sb,Oj, produced by the oxidation of the sulphide, and mixtures of 
the two usually containing more sulphide than oxide. As stibnite 
is soluble in hydrochloric acid containing a few drops of nitric, 
and cervantite is practically insoluble, we have three classes of 
ores ; first, the soluble, stibnite and also the rarer oxide, senarmon- 
tite, SbjOjj second, the insoluble; third, the partially soluble. 
They will be discussed in this order. The following method is 
taken largely from an article hy'Brovin, Journal American Chemical 
Society, 21, 780, 1899. 

Gravimetric Method. 
Soluble Ores. — ^One gram of the finely ground ore is placed in a 
small beaker, 25 c.c. of concentrated hydrochloric acid added, cov- 
ered with a watch glass and boiled until the ore is apparently decom- 
posed, which reduces the hydrochloric acid to about 1 5 c.c; about 2 
grams of tartaric acid are added and when dissolved 5 or 6 drops 
of concentrated nitric acid and the boiling continued for several 
minutes. The nitric acid causes a violent reaction, accompanied 
by a more complete decomposition of the ore. The solution is 
allowed to cool, diluted slightly, the residue filtered, and washed 
with water. The residue should be tested for antimony, unless 
the ore is known to be completely soluble. The filtrate is diluted 
to about 250 c.c. and the antimony is precipitated as sulphide by 
a stream of hydrogen sulphide, which is passed through for an 
hour. At the end the solution should be warmed to insure the 
conversion of any basic chloride {formed by the dilution) to sul- 
phide ; after standing for an hour to allow the precipitate to collect 
and settle, it is filtered and washed with hydrogen sulphide 
water. There may be present in the ore, arsenic and also lead and 
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other metals of the fifth group ; the latter will be evident from the 
dark color of the sulphide. If the sulphide is impure, warm it with 
a strong solution of ammonium sulphide (NHJ,S, until the sul- 
phides of arsenic and antimony have dissolved, then filter. The 
residue is lead sulphide, etc. ; in it the lead can be found by meth- 
ods already given. It should be remembered here that copper 
sulphide is slightly soluble in ammonium sulphide, so if it is pres- 
ent sodium or potassium sulphide should be used. 

If mercury should be present and no copper use ammonium 
sulphide as mercuric sulphide is readily soluble in the fixed alkali 
sulphides. Tin is not likely to be present ; it would dissolve with 
the arsenic and antimony readily if stannic sulphide, with difficulty 
if stannous sulphide. The separation of antimony from tin pre- 
sents considerable difficulty. See the standard works on quanti- 
tative analysis and for the most recent descriptions of Clarke's 
method, etc., Rossing, Zeitschnft fiir Ajialytische Chemie, 41, i, 
1902, and Henz, Zeitschnft fiir anorga?tische Chemie, 37, 1-58, 
1903. 

The separation of the fifth and sixth groups is also incomplete 
by the ordinary methods when there are present mercury, copper 
and antimony, as sometimes happens with tetrahedrite (fahlerz). 
For this separation see Pretzfeld,y. Am. Cheni, Soc,^ Feb., 1903. 

To the filtrate containing the arsenic and antimony as sulpho- 
salts, dilute hydrochloric acid is added in slight excess, then the 
solution is diluted to ensure complete separation of the antimony 
sulphide, which is soluble in even moderately strong hydrochloric 
acid, and the mixture of sulphides of arsenic and antimony and 
sulphur is filtered on balanced filters, washed with cold water and 
dried at 110° C. for two hours or more to constant weight. This 
gives the total weight of the mixture. It is removed from the 
paper, ground up and mixed in a small glass mortar and an exact 
weight, about 0.5 gram, is weighed off in a platinum or porcelain 
boat. This is placed in a piece of hard glass combustion tubing 
and the excess of sulphur, over that required to form Sb,Sgand the 
sulphide of arsenic, are driven off by heating in a current of carbon 
dioxide for 1 2-1 5 minutes. A steady stream of carbon dioxide 
should be passed through the tube to displace the air before the 
heating is begun, so as to prevent oxidation; the heating should 
be gradual and the final temperature about 250° C, considerably 
below a dull red heat. 
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^^Trom the weight of the residue of black antimonous sulphide, 
the total antimony in the mixture of sulphides and sulphur is cal- 
culated and so the antimony in the ore. Should it be impossible 
to carry out this method, which is the best, the mixture of sulphide, 
or a portion of it, can be converted to oxide, Sb^O, by treating 
repeatedly with strong nitric acid. This method is not recom- 
mended as it is almost always attended by mechanical loss, but if 
nothing better can be done, carry it out as follows: Transfer as 
much as possible of the dried precipitate to a porcelain crucible, 
dissolve what adheres to the filter in freshly made ammonium sul- 
phide, using as little as possible, and add the solution to the pre- 
cipitate in the crucible; evaporate on a water -bath, add fuming 
nitric acid and allow to stand, carefully covered, for several hours ; 
then add more nitric acid, evaporate again on a water-bath ; next 
drive off the sulphuric acid formed and finally heat over a Bunsen 
burner {no blast), and weigh the Sb,0,, The arsenic will be 
volatilized. 

Jmolubk Qfes. — One gram of the ore is mixed with ro grams 
of flux, made up of equal parts of sodium carbonate and sulphur, 
in a porcelain crucible and covered by a layer of the same flux. 
The mixture is fused for about ten minutes, covered, in the muffle 
of an assay furnace or by a Bunsen burner. The heat should be 
low at first and gradually raised, but never high enough to volatil- 
ize antimony. The melt should be greenish; if it is yellow the 
decomposition is probably incomplete unless there is scarcely any 
""On present. The melt is treated with hot water and the sulphides 
^^ iron, lead, etc, (those which do not form soluble sulphosalts), fil- 
tered out. In the filtrate the antimony is precipitated as sulphide 
'-^y hydrochloric acid and the precipitate treated as just described. 
This is Rose's method of decomposition and it is also efficacious 
''^r the breaking up of cassiterite. Partially soluble ores can be 
*reated as insoluble or treated first like soluble ores and the 
residue fused. 

-Properties of Antimony Sulphide. — Insoluble in water and dilute 
^^ids; decomposed by concentrated nitric or sulphuric; soluble 
"^ concentrated hydrochloric; easily soluble in potassium or so- 
*^*Um hydroxide and alkali sulphides. Slightly soluble in ammonia 
^ItJ ammonium carbonate. The separation from arsenic by dis- 
^*^lving the sulphide of arsenic in ammonium carbonate is not 
*l*^antitative. A better separation is Pattinson's. Obtain the a 



io6 QUANTITATIVE ANALYSIS. 

and antimony in solution in the triad condition, add concentrated 
hydrochloric acid, so that the sp. gr. due to the acid shall exceed 
1. 17, and then precipitate the arsenic as sulphide. Arsenic sul- 
phide is insoluble in concentrated hydrochloric acid, while in acid 
of I.I 7 sp. gr. or over no antimony is precipitated. 

Other methods of separating arsenic and antimony will be given 
under arsenic. 1'=' 






ic 




VOLUMETRIC METHODS. 

Weller's Method.* 

The ore is decomposed as already described and the antimor^-V 
precipitated as sulphide, if arsenic is also present it must be sep -^ 
rated. As tin does not interfere in this method Pattinson's sep 
ration can be used with stannous chloride to reduce the arsen 
to arsenious chloride so that it will be promptly and complete^^V 
separated as arsenious sulphide in the strong hydrochloric ac^^^ 
solution; then, after diluting the filtrate, the antimony is precip 
tated as sulphide, Sb^Sg. Or the arsenic can be distilled off 
arsenious chloride according to Fischer's distillation method (s 
next chapter). 

The precipitated sulphide of antimony is dissolved in strong h 
drochloric acid and is oxidized to the pentad condition by addin — g 
potassium or sodium chlorate in small portions and boiling till th^^e 
excess of chlorine is expelled and the oxides of chlorine driv^^- n 
out. It is essential that the oxidation shall be complete and a*- Jl 
excess of oxidizing agent expelled, as the method depends o n 
measuring the iodine liberated by the pentad antimony; using ^ 
standard thiosulphate solution, as with copper. 

After oxidation the solution is boiled down to very nearly 5 ^ 
c.c. ; this is ascertained with sufficient accuracy by making a ma^^^ 
on the beaker ; then 20 c.c. of concentrated hydrochloric acid ^^^ 
added and the solution diluted to 600-700 c.c. with recently boil^^ 
cold water. Then three grams of potassium iodide are added 3-^^ 
after waiting a few minutes for the solution of the potassium iodi<^^ 
and the liberation of the iodine, the solution is titrated by sodi^ni 
thiosulphate, using starch solution as indicator, till the blue colot 
disappears. The end point is very sharp and satisfactory wh^'^ 
these conditions are maintained exactly. It is very important tba^ 

• 

the amount of hydrochloric acid is kept constant; if too little J^ 

•^Youtz, School of Mines Quarterly, July, 1903. 
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Ifesent basic iodides and chlorides of antimony separate out on 
dilution ; if too much, the hydrochloric acid itselt acts on the 
potassium iodide in the presence of air and liberates iodine. We 
obtain this constant quantity, no matter how much may be used 
in the solution of the sulphide, by boiling down to 50 ex. ; this 
will be acid of 20 per cent., the hydrochloric acid of constant boil- 
ing point. If it was weaker in the beginning, more water boils off, 
if stronger, more hydrochloric acid, until this strength of acid is 
reached, So by this means we obtain always the equivalent of 45 
ex. of concentrated hydrochloric acid in a volume of about 650 c.c. 
The potassium iodide must be three grams, if more is used 
results which are too high are obtained. The liberation of iodine 
is not instantaneous so it is advisable to wait several minutes 
before titrating, otherwise the solution may be decolorized by the 
thiosulphate and then the blue color suddenly flashes back, because 
the reaction is not yet complete. When the end point is reached, 
under the right conditions, the decolorization lasts for several 
minutes. 

The sodium thiosulphate solution used for the copper assay can 
be used here. Theoretically the standard against antimony would 
be obtained as follows: Copper standard: antimony standard:: 
atomic weight copper: one half atomic weight antimony. It has, 
however, been found that while the standards obtained from copper, 
from potassium dichromate and from iodine agree with each 
other, that they do not agree, when calculated to antimony, with 
the results obtained by standardizing with pure antimony. The 
discrepancy is almost exactly one per cent., under the conditions 
for titration Just given ; so if the antimony standard is to be calcu- 
lated from any of the others, one per cent, should be added to that 
standard. If the calculated standard is 0.0062 grams Sb the figure 
0.006263 should be used under the conditions given, or if the ore 
contained by calculation iS per cent, the percentage of anti- 
mony is 18.18. The true cause of this variation has not yet been 
explained but the same deviation has also been observed with 
arsenic. It is more satisfactory to re standardize against antimony 
if absolutely pure metallic antimony can be obtained. Weigh out 
about 0.2 gram and dissolve this in about 50 ex. or more of con- 
centrated hydrochloric acid with 1-2 c.c. of concentrated nitric 
L then complete the oxidation by adding portions of 0,5 gram 
issium or sodium chlorate, boil out the oxides of chlorine 
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and proceed as described. No tartaric acid is used in this method. 
The reaction may be indicated as follows : 

Sb,0, + 4HI = Sb.O, + 2I, + 2H,0. 

The antimony after oxidation is probably present as antimonic 
acid and after reduction by hydriodic acid it is present partly as 
antimonious iodide and partly as antimonious chloride, depending 
on the relative mass of hydriodic and hydrochloric acids. As tin 
in the stannic condition is not reduced by hydriodic acid, anti- 
mony can be determined in the presence of tin. This is of im- 
portance in the analysis of alloys. 

This method is not free from theoretical difficulties, but it is very 
rapid and gives excellent practical results when the proper condi- 
tions are maintained. The same thiosulphate solution can be used 
as for copper and the end point is sharp. 

Mohr's Method. 

This is exactly the reverse of Weller's method. The reactions 
can be indicated as follows : 



Mohr s-^ -<-« Weller 

Sbp3 + 2I, + 2Hp ^ Sbp, + 4HI. 



In Mohr's method we prevent the reverse reaction by preventing 
any concentration of hydriodic acid by having an excess of alkali 
present. In order not to decompose the starch or absorb iodine 
this excess of alkali must be bicarbonate, so the exact reaction 
becomes 

NagSbOg + I2 + 2NaHC03 = NagSbO, + 2NaI + Hfi + 2CO2. 

The same statement and a similar reaction applies also to arsenic 
so it is evident that no arsenic can be present. 

When the antimony is in the pentad condition it must be re- 
duced by heating with sulphurous acid. To the acid solution add 
30 c.c. of sulphurous acid (about 5 per cent. SOg) and boil till most 
of the sulphur dioxide is expelled, then add a second portion of 
30 c.c. and boil out the sulphur dioxide completely, then add 
about two grams of tartaric acid, to prevent the subsequent pre- 
cipitation of antimony as hydrated oxide and make the solution 
alkaline with sodium bicarbonate, add about 20 c.c. of a saturated 
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solution in excess, cool and titrate with N/io iodine, using starch 
as indicator, at a volume of about 2CX3 c.c. 

When the antimony is separated as sulphide, either Sb^S, or 
Sb, S^. it is dissolved in hydrochloric acid. This, by the liberation 
of hydrogen sulphide, reduces the antimony to antimonious 
chloride, so that after adding tartaric acid and neutralizing the 
excess of acid by alkali, and then adding an excess of sodium 
bicarbonate it is ready for titration. 

It is advisable to run a blank made by neutralizing the same 
amount of hydrochloric acid in the same way and adding the same 
excess of sodium bicarbonate, in order to see whether a small 
quantity of iodine is required when there is no antimony present. 
If this amounts to more than 0.1 c.c. it should be subtracted. 

This method can be used for arsenic in exactly the same way, 
omitting the tartaric acid. 

Conclusion. — Formerly antimony was weighed as sulphide, 
after washing with alcohol, to remove the water, then with carbon 
bisulphide to take out the free sulphur and drying at 250° C. The 
results are always high and the method is only to be used for very 
small quantities, under i per cent. A comparison of results has 
shown the weighing as oxide to be slightly low and that the Mohr 
and Weller methods give accurate results. 

The application of the volumetric methods to insoluble ores con- 
taining both arsenic and antimony will be indicated in the next 
chapter. 
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CHAPTER XIV. 

The Determination of Arsenic in Ores. 

Distillation Method. 

This method consists in distilling off the arsenic as arsenious 
chloride, and so affords a most perfect separation from antimony 
and tin. Although it requires considerable apparatus, it must be 
regarded as the standard method of separation ; besides being ap- 
plicable to ores it is even better for material containing only very 
low percentages of arsenic, — pig copper, etc. It was devised by 
Professor Emil Fischer, of Berlin. 

Arsenic ores are almost always sulphides, they may be decom- 
posed by the fusion methods given under antimony, and th^ 

arsenic precipitated as sulphide. The original ore, or the sixth. - 

group sulphides, are treated as follows : Place about two grams c^ f 
potassium chlorate on the bottom of a beaker ; on this place tl^. « 
weighed sample of ore, from o. 5 to 3 grams, depending on the rict-^- 
ness, or the precipitated sulphides ; then about a gram more <3f 
potassium or sodium chlorate, sufficient to cover the ore ; pour i^ 
cautiously little by little a mixture of 30 c.c. of concentrated Ix^' 
drochloric acid and 10 c.c. of water, cover the beaker and heat ^^^^ 
a water-bath till the decomposition is complete and the oxides ^ 
chlorine, etc., driven off so as not to use up the ferrous salt Rdc^^ 
later. It is very important that the oxidation is complete ^^ 
HgAsO^, as the arsenious chloride would be lost by boiling, 
antimony is also to be determined, filter off any residue on asbest^^^^' 
transfer the solution to a distilling flask (about 400 c.c.) using conc^^^ ^' 
trated hydrochloric acid to rinse out the beaker, etc., add 5 to 
grams of ferrous sulphate, depending on the quantity of arsenic pre 
ent and make the solution up to about 200 c.c. in volume with 
centrated hydrochloric acid. Connect the flask with a short 
denser and under the end place an Erlenmeyer flask, about 250 c. 
containing a little water so as to cover the end of the condeni 
tube. Heat the flask on an asbestos pad by a burner ; the arserr"^^^ 
acid is promptly reduced by the large excess of ferrous salt a 
forms arsenious chloride ; this with hydrochloric acid begins 
distill over before a temperature of 100° C. is reached. They 
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condensed and collect in the Erlenmeyer flask. If this becomes 
■ry hot it should be surrounded by ice water. The apparatus 
should be set up in a place free from draughts so as to avoid back 
pressure. The distillation is continued until about half the original 
lumc remains. Remove the Erlenmeyer flask and then the 
burner, when cool add another lOO c.c. of concentrated hydro- 
chloric acid and repeat the distillation, catching the distillate as 
before. This is continued till no more arsenic distills over, which 
can easily be ascertained by testing a portion of the lasj distillate 
with hydrogen sulphide. Unless there is a very large quantity of 
■arsenic present two or at most three distillations are all that are 
required. The solution in the flask must not be allowed to be- 
:come too small or in other words the boiling point must not be 
allowed to rise above lO?" C. for the temperature of the vapor 
Bnd 112° C. for the solution ; above this point antimony will be- 
gin to distill over. The distillation can be hastened by connect- 
ing the distilling flask with a second flask containing concentrated 
hydrochloric acid, this is heated so that a stream of hydrochloric 
acid gas passes in constantly, so that the strength of the acid is 
maintained and the removal of the arsenious chloride facilitated 

I^ike distilling with steam). 
When the separation is complete, the apparatus is allowed to 
cool and the antimony from the distilling flask is precipitated by 
hydrogen sulphide after diluting largely and the antimony sul- 
jiihide treated as already described. The arsenic is all in the dis- 
tillate in the arsenious condition ; it can be determined by nearly 
neutralizing the large excess of acid by soda, then adding a strong 
solution of sodium bicarbonate and titrating by Njio iodine, ex- 
actly as given under antimony. 

I If a gravimetric method is to be used the arsenic is precipitated 
hy hydrogen sulphide after diluting somewhat. Under these con- 
ations the arsenic precipitates immediately as arsenious sulphide 
[With very littie sulphur, as it is entirely in the triad condition. If 
the amount is small it can be filtered on a Gooch crucible, washed 
with alcohol, then with carbon bisulphide and after drying at 
110° C. weighed as sulphide. The results are slightly high. If 
the amount of arsenic is considerable, over 20 per cent., the error 
will increase proportionally and the arsenic must be dissolved, oxi- 

E:d and finally weighed as magnesium pyroarsenate. The sm- 
de is dissolved in fuming nitric acid, the excess of acid anu 
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oxides of nitrogen removed by boiling (formanipulation compafl 
antimony sulphide when paper is used) ; or dissolve from the 
Gooch crucible by ammonia, evaporate down on a water-bath and 
then oxidize, or dissolve through by a small quantity of sodiui 
hydroxide and oxidize by boiling with bromine. 

Precipitation of Magnesium AMNfONiuM Arsenate. 
The conditions for the precipitation of magnesium ammonium 
arsenate are similar to those for magnesium ammoniun phosphate 
but as the precipitate is more soluble and also more easily decon 
posed on ignition greater care must be used. When the arse 
is all in the pentad condition neutralize the acid solution ' 
ammonia and add a slight excess. The volume should not 
exceed lOO c.c; add magnesia mixture slowly, drop by drop, till 
in considerable excess, then alcohol equal to one third the volume 
of the solution and allow to stand in the cold over night. Filter on 
asbestos in a Gooch crucible and wash with 2)4 per cent, ammonia 
containing a little alcohol, then with 20 per cent, alcohol alone, i 
and ignite very gently to constant weight; weigh the MgjAs,0-i 

Separations of Arsenic and Antimony. 

The action of hydrogen sulphide on arsenic and antimony! 
important but confusing. 

The following separations are used : 

Bunsen's Method. — When hydrogen sulphide is passed into a 
add solution containing pentad arsenic and pentad antimony at tlH 
room temperature and then the hydrogen sulphide driven out 1 
a current of air, antimonic sulphide, Sb,S,, only is predpitatet 
The hydrogen sulphide reduces the arsenic slowly, and if the e 
cess is promptly driven out when the precipitation is complete, \ 
satisfactory separation is effected, 

Pattinson's Metliod. — In the separation described under ant|l 
mony the hydrochloric add was so strong that no antimony sul- 
phide could form ; here to get a prompt precipitation of arsenic it 
should be reduced before passing in hydrogen sulphide. When 
stannous chloride is used care must be taken to avoid an excess 
which would precipitate metallic arsenic. 

Neher's Method. — The solution containing arsenic and antimon] 
completely oxidized, and at least two volumes of concentrated t 
drochloric acid to one of solution (;'. e., i.i4sp. gr.), iscooledtoa 
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i saturated by a rapid stream of h/drogen sulphide. The arsenic 
is completely precipitated as pentasuSphide, As..S5- McCay ob- 
tains the same result by saturating the solution containing pentad 
arsenic in the cold with hydrogen sulphide and then heating Jn a 
closed bottle (under pressure) in a water-bath. The arsenic can 
be filtered on a Gooch crucible and weighed as pentasulphide, 
ASjS,. These separations are in accord with the theory that in a 
hot solution hydrogen sulphide reduces the arsenic first and then 
precipitates it as AsjS^ mixed with sulphur ; at the ordinary tem- 
perature this reduction goes on slowly, at zero it is not perceptible. 
Also as the acid increases the amount of pentasulphide increases. 
The limit being Neher's method where at o°C. and in a strongly 
acid solution the precipitation is entirely as As^S^. So under or- 
dinary conditions we obtain various mixtures of As^j, As^S^ and 
S, depending on the temperature and the acidity. 

For information on the formation of sulphoxy acids of arsenic, 
which by breaking up give these sulphides, see McCay, _/", Atiier. 
Ckem. Soe., 24, 661, 1902. And for more information on the 
separation, see Treadwell's "Quantitative Analysis," pp. 150-154 
(German edition). When arsenic is to be removed in the course 
of analysis with the fifth and sixth groups, it should be reduced 
by sulphurous acid and the excess expelled. This is accom- 
plished readily under pressure by heating in a strong bottle in 
boiling water, wrapped up in a towel to prevent flying glass, in 
case of an explosion. 

Volumetric Methods. 
The most important determination of arsenic for mining engi- 
neers is in ores, where it is present from i-io per cent, and for 
this determination some modification of Pearce's method is usually 
employed. The method is not free from objections and gives low 
results on arsenopyrite. This method and one recently divised by 
Danziger and Buckhout* which is also applicable to arsenopyrite 
■will be described. 

Peaece's Method as modified by BennetI is based on the 
following facts. Arsenic when fused with a mixture of potas.sium 
ijtacite and sodium carbonate is completely oxidized and forms 



^•ubate and 
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sodium arsenate, NagAsO^, which is soluble in water, while an 
mony forms a quite insoluble sodium metantimoniate which is \^ 
behind when the melt is leached with water, together with oxid 
of iron, insoluble carbonates, etc. The filtrate contains besid^^ 
NagAsO^, NagSO^, NagSiOg, NagAlgO^ and an excess of NagCOg 
this is acidified and the carbon dioxide expelled ; then neutralize 
exactly and the arsenic precipitated as silver arsenate, AggAsO^, b 
an aqueous solution of silver nitrate. It is this neutralizatio 
which has given trouble ; in the original method it was effected by^ 
ammonia, but as the precipitate (Ag^AsO^) is readily soluble either^ 
in nitric acid or ammonia, it was essential to obtain exactly the 
neutral point. The second plan for neutralizing was proposed by 
Canby, the addition of a cream of zinc oxide ; this method will 
give a sufficiently neutral solution if the zinc oxide is allowed to 
remain in contact with the solution over night. The latest sug- 
gestion is that of Bennet to use acetic acid and a sensitive indicator 
like phenolphthalein. 

The precipitate of silver arsenate is filtered off and the silver in 
it determined by Volhard's thiocyanate titration using ferric alum 
as an indicator. The method is therefore an indirect titration of 
the arsenic, and for three atoms of silver found there must have 
been present from the ore, one atom of arsenic. So the arsenic 
value for the thiocyanate solution is obtained from the silver stand- 
ard by using the proportion, — atomic weight silver to one third 
atomic weight arsenic. 

Solutions Required. — Aqueous nitrate of silver, made by dissolv- 
ing silver nitrate crystals in water. (The nitric acid solution used 
to test for chlorides will not do here.) 

A ten per cent, solution of ferric sulphate or a saturated solution 
of iron ammonium alum as indicator ; a solution of ammonium 
thiocyanate containing about 8 grams per liter. This is standard- 
ized by dissolving portions of pure silver, about 0.2 gram each in 
nitric acid, 1.16 sp. gr. diluting to about 100 c.c. ; adding 5 c.c. 
of the indicator and titrating until a faint permanent reddish color 
is produced. The silver is precipitated as thiocyanate. The end 
point is the production of red ferric thiocyanate. 

Both standards should be placed on the bottle as the solution 
may be used for the determination of silver in alloys, etc. This 
solution keeps well and therefore does not require frequent re- 
standardizing. 
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Flux. — Make up a sufficient quantity of flux containing two parts 
of potassium nitrate by weight, to one part of sodium carbonate. 

Assay. — Place a layer of the flux on the bottom of a Russia 
iron crucible, mix the weighed portion of the ore, 0.25 to I 
gram, depending on the quantity of arsenic, with 8—10 times its 
weight of the flux and place this on top of the first layer ; cover 
this with a layer of potassium nitrate. Porcelain crucibles may 
be used, but they usually break, owing to the contraction of the 
flux on cooling. 

Heal the crucible very gently and gradually, holding the 
burner in the hand and allowing the flame to heat different parts 
of the crudible in turn. The heating requires attention or arsenic 
will be lost with a high-grade ore. There must be no odor or 
fumes of arsenic at this point. After the fusion has become quiet, 
the heating is continued for several minutes and the contents 
caused to rotate to ensure complete fusion and oxidation. Allow 
to cool and leach with hot water, lilter and wash the residue very 
thoroughly with hot water ; acidify with nitric acid and boil 
vigorously till all the carbon dioxide is expelled. If any precepitate, 
such as hydrated silica, forms here it may be filtered out, as it 
would interfere with the filtration of the silver arsenate, but not 
with the accuracy of the results. Allow the solution to cool 
completely ; add a few drops of phenolphthaleine and then 
dilute sodium hydroxide solution (not ammonia or sodium car- 
bonate on account of the indicator) till the solution turns pink, 
then acetic acid drop by drop till the color is discharged, stirring 
between each addition, so as to stop when there is but a drop of 
acetic acid in excess. Then, to the cold solution add a slight ex- 
cess of aqueous silver nitrate, filter the brick-red silver arsenate 
and wash it with cold water till free from silver. As silver acetate 
is sparingly soluble, this must be completely washed out as well 
as the excess of nitrate. Dissolve the precipitate through the paper 
with dilute nitric acid into a clean beaker; dilute to about 100 
c.c. ; add 5 c.c. of the ferric indicator, and titrate as in standard- 
izing. 

Sodium Peroxide Method. 

Sodium peroxide has been found to be an admirable reagent for 
the decomposition of arsenic ores ; its action is the same as the 
mixture of potassium nitrate and sodium carbonate to form sodium 
arsenate, but it acts more rapidly and effectively in preventing loss 
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by volatilization with high-grade ores. After destroying the ex- 
cess of peroxide and filtering off the residue, we have an alkaline 
solution containing sodium arsenate. There are at least three volu- 
metric methods by which the arsenic can be determined : (ist) In- 
directly as silver arsenate as just described, (2nd) by standard alkali. 
Acidify the alkaline solution with hydrochloric or nitric acid in 
slight excess, boil out carbon dioxide, then add methyl orange and 
titrate till the solution turns yellowy with a dilute solution of sod- 
ium hydroxide. This marks the neutralization of the excess of 
hydrochloric or nitric acid and of one hydrogen of the arsenic acid ; 
we have now in solution NaH^ AsO^ ; add a few drops of phenol 
phthaleine, and titrate to a pink color with a standard solution of 
sodium hydroxide. The amount of alkali used is that required 
to neutralize the second hydrogen. Hence for each molecule of 
sodium hydroxide used there is present one atom of arsenic. This 
method is only outlined as it is not as accurate as the others. 
Third method : Measuring the arsenic present by the amount 
of iodine liberated, as in Weller's method for antimony. This 
gives accurate results when carried out as follows : About half a 
gram of arsenopyrite or more of an ore containing less arsenic 
is mixed with 10-15 grams of sodium peroxide and placed in a large 
nickel crucible, so that it is not more than one third full, with 
a cover of sodium peroxide on top. The crucible is heated slowly 
at first, until the mass is fused, then the temperature is raised to a 
strong red heat for a couple of minutes, the crucible is held by 
tongs in the flame and the contents caused to rotate.* Allow to 
cool and leach with about 100 c.c. of hot water, then boil for five 
minutes, till the excess of sodium peroxide is completely decom- 
posed, filter and wash with hot water containing sodium carbonate. 
Acidify with hydrochloric acid, boil out the carbon dioxide and 
evaporate to about 75 c.c. When cold, add about 75 c.c. of con- 
centrated hydrochloric acid and allow to cool again, then add 3 
grams of potassium iodide and titrate the liberated iodine by a 
standard sodium thiosulphate solution, till only a faint straw 
color, due to free iodine, remains ; finish the titration, using starch 
solution as a spot test on a white tile, till no blue color is pro- 
duced. The starch does not give satisfactory results when added 
to the solution, on account of the great quantity of hydrochloric 
add, which has to be present to effect the quantitative liberation 

*This is necessary to obtain complete decomposition of the ore. 
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* iodine. Pink and violet colors are formed which give an 
uncertain end point. The spot test is not tiresome in this case 
because it is possible to judge the end within a few drops by the 
yellow color of the soiutioii. 

As in the case of the antimony titration, the results, using the 
standard calculated from iodine or potassium dichromate, are about 
I per cent. low. So that i per cent, of the arsenic present should 
be added to the results ; or better, standardize against freshly re- 
sublimed arsenious oxide, AsjO^, as follows : Weigh out portions 
of 0.2-0.25 gram of resublimed arsenious oxide into small beakers ; 
add to each about 0.5 gram of polassium chlorate and about 20 c.c. 
of concentrated hydrochloric acid and boil till the oxidation of the 
arsenic is complete and all yellow color has disappeared from the 
solution ; add water and concentrated hydrochloric acid so that 
the final bulk is !00— 150 c.c. and consists of half concentrated 
hydrochloric acid and half water {20 per cent, actual HCl). Cool, 
add three grams of potassium iodide and titrate as in the ore. 
Calculate the arsenic standard from the number of c.c. used. 
This is another titration where the results are varied by changes 
in the conditions of titration ; here the important points are the tem- 
perature, the acidity and the amount of potassium iodide. When 
uniform conditions are maintained in standardizing and in titrating 
the results are very exact. 

It only remains to indicate a procedure for ores containing both 
a.rsenic and antimony. Decompose the ore with sodium peroxide, 
^s given, leach, boil, filter and precipitate the antimony by Bunsen's 
method (page 1 1 2), filter out the antimonic sulphide and titrate 
the arsenic in the filtrate as just described. To obtain the anti- 
mony dissolve the residue from the fusion in hydrochloric acid, 
filter, precipitate the antimony in the filtrate by hydrogen sulphide ; 
^dd this to the sulphide already obtained : dissolve and titrate by 
^eith er of the methods given under antimony ore, 

iDiTioNAL References to both Arsenic and Antimony. 
leview of methods for antimony, Z.fur Analytische Chunk, 38, 
j>. 664, 1S99 ; for arsenic ; same, 39, pp. 654—670 and 699-720, 
1900. Beck and Fisher, Separation and Estimation of Arsenic 
and Antimony in Ores, School of Mines Quarterly, 20, 372. 
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CHAPTER XV. 

Slag Analysis. 

Under the title of Slag Analysis, nearly the whole subject of 
analytical chemistry and assaying might be discussed, for a great 
majority of the elements, both common and rare, are to be found 
in slags. No such attempt will be made here ; what follows is 
merely a description of the technical analysis of some of the most 
important types of slags. For a more detailed and complete dis- 
cussion of the subject the reader is referred to an article by Dr. 
Joiiet on the Analysis of Slags and Cinders, in the School of 
Mines Quarterlv, Vol. XXII., Nos. i and 2. 

If the sample of slag has been chilled suddenly, it can usually 
be decomposed by acids, if allowed to cool slowly, a fusion with 
mixed carbonates is required. The important points to be shown 
in a technical analysis are : The ratio of bases to silica, the ratio of 
RgOg bases to those of the RO type, the quantity of valuable 
metal present in a slag, from copper smelting, copper, etc. 

For convenience in treating this subject the following classifica- 
tion is made . 

/ro?i Slags. — The slags from the blast furnace in the produc- 
tion of pig iron, though containing much less iron than those 
which follow. They contain roughly 40-50 per cent, silica, 1 5- 
20 per cent, alumina, etc., 30-40 per cent, lime, magnesia, etc., 
besides iron, manganese, alkalies, sulphur, phosphorus, etc. The 
slags from basic processes arc often rich in phosphoric acid. For 
this determination see Bulletin 46, Division of Chemistry, U. S. 
Department of Agriculture or Wiley's Agricultural Analysis, 
Vol. II. 

Manganese Slags. — The slags formed in the production of 
Spiegel, lower in silica than the iron slags, but containing up to ten 
per cent, of manganese. The difficult points in their analysis are 
the decomposition and the separation of manganese from alumina. 

Lead Slags, — Containing roughly silica 32 percent, iron 28 
per cent., lime, etc., 20 per cent., the remainder being lead, zinc, 
antimony, sulphur, etc. 
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Copper Slags. — Similar in composition to the lead slags, but 
usually without lead or zinc and containing about half a per cent. 
of copper. 

These four groups of slags fall naturally into two divisions, the 
iron and manganese slags and the lead and copper slags. 

A general scheme will be given for each of these divisions, fol- 
lowed by a few comments and special precautions and by some 
separate methods for the determination of particular constituents. 
The methods will not be given in detail as they have 'already been 
discussed in these notes. 

Iron and Manganese Slags. 

In this scheme (page 120) provision has been made for titanium, 
barium, zinc, nickel and cobalt and also for the removal of the 
higher groups, although they are not usually present. When 
these are omitted the analysis becomes quite similar to that of lime- 
stone. Phosphorus and sulphur must be determined in separate 
portions. See Iron Ore. 

In manganese slags, the fusion with mixed carbonates will usu- 
^113^ be required to get complete decomposition, using a liberal 
9.^a.ntity of flux and a long fusion. In making the basic acetate 
^^paration, the excess of acetic acid must be very small in order 
get complete precipitation of alumina and must be repeated to 
^^rnove the manganese which is sure to come down under these 
^^^nditions. 

The determinations of greatest importance and in many cases 
^11 that is required, are silica, oxides of iron and alumina, lime and 
"^^signesia. When the slag is soluble and only approximate results 
^^e required the determinations can be made as follows : * 

Portion for silica and oxides of iron and alumina. Weigh out half 
^ gram of the sample, place this in a casserole, add about 20 c.c. 
^^f water and stir well, then 15-20 c.c. of strong hydrochloric acid, 
"tieat to boiling, while stirring to break up any lumps ; then evap- 
orate rapidly to dryness and bake, take up with hydrochloric 
^cid and water, boil and filter, ignite and weigh the silica (impure). 
In the filtrate the alumina is precipitated, together with ferric hy- 
cJroxide, by ammonia and ammonium chloride. This should be 
^eprecipitated, to free it from lime and magnesia, then ignited and 
Vreighed as usual. 

* See also Lord's ** Notes on Metallurgical Analysis," p. 201 and seq. 



I20 



QUANTITATIVE ANALYSIS. 



_ ^^ 






eij u 






o 












4> "^ 

is- 



S ^ o 



'O 01 

^ bA 

s - 

, ■*-> 

en S» 






u 

s 



.2 



bA 

c 

• mm 

9 

^^ 

U 

C 



o ^ 
to 

vO 

C 



a; 

> 
o 

B 






C/3 






c 

01 



O 



u 

01 



U 

N — 

2 o ' 

V Qu. 

...^ 
I- »^ 

« C 

O CJ 



> < 



73 


,• 


C 


o 

^ 


rt 


01 




^a 


(A 


• m^ 


c 


o< 


o 


U 


^^ 


V 


e4 


c 


*•> 


o< 


CU 






(Tt 


U 


• •i^ 


V 


c 




o 
E 


41^ 


S 


eU 


« 


41^ 




u 


V 


^ 


.a 



■*^^ 

2 

s 

c 

01 

*S 

o 

S 
E 

.5 



o 

01 






I 



5 
I 



O TS 






£ ! 

'S i 









«3 



1.3^1^ 



V 
^ 



V4 

O 












o 






o 

k. 
/-> 

ST 






«2 

s- ^ 

o •-.= 

2 2 
O -Q 



01 

c 
o 



o 

(A 

V 



• U 






jt: 



^ S 






1 



^ d. •* 






.. '-^ ff Q c -^ " 









u 






«o. 






V (U 

O iS 
u 



-Si c 



ti; 



> 



*4 

o 

(A 

'-5 



'SO 

O u 

£ ^ O^O u 

TO I— I ^ en 



o;h 

u 
u 






cn 



i-i 









c 

en 






c 
"3 

o 

T3 

C 



CQ d> 
■■ k* ««-■ 

O — ' 

^ o cr eu 



^ fj »■, tn 

3 .H.^ < -: 






^^O 

-• CC ^- "-^ 

5 2 ^^ s 



tn ^-o 

^ ;j "> 

J "C 4) 

bti> > 

U O 

> D M 

!» « «n 

k- TS "d 



■£e= i! 

•*-' s "^ 
c 

^ g 5 

S ^ o 

O *" 

3 -^ . 



CC J3b» 



2sS 









U"^ *j I— I >- — ' 
c .^ <; -13 pi^ 






I 

en 



01 









O 



-SOS 
u ^ *^ 'O 



o 



SLAG ANALYSIS. 



Portion for lime and alumina. Treat a gram as above, using 
more water and add ; evaporate to dryness and heat to dehy- 
drate the gelatinous silica ; add hydrochloric acid and water, 
boil, pour into a 500-c.c. flask, rinse out the casserole with more 
hydrochloric acid and water, adding this also to the flask ; dilute 
to about 300 C.C., add ammonia in slight excess, dilute to the 
mark (500 c.c), mix thoroughly ; filter through a dry paper and 
determine lime and magnesia in an aliquot part (250 or 200 c.c.) 
by the usual methods. 

Lime may be precipitated as oxalate in the filtrate ft-om silica 
without removing iron and alumina; the filtrate is heated to boil- 
ing and a slight excess of ammonia is added, then an oxalic acid 
solution, more than enough to combine with the lime, then am- 
monia is added again and finally enough oxalic acid to redissolve 
any iron. The solution is heated to boiling and the calcium oxa- 
late filtered and either weighed or titrated as usual. The object 
here is to get sufficient oxalic add to prevent the precipitation of 
iron. The method is not accurate and is spoiled by the presence 
of manganese. 

None of these short methods is applicable to manganese slags. 

Lead and Copper Slags. 

If silver is present it will be largely with the first residue of 
sihca, lead sulphate, etc. In this case it should be leached with 
ammonia before removing the lead sulphate. 

In the scheme given (page 1 22) the barium is likely to be low, as 
the barium sulphate is somewhat soluble in ammonium acetate and 
also on account of the final reprecipitation in the presence of hy- 
drochloric and tartaric acids. When barium is absent and the 
antimony in the residue disregarded this portion of the analysis 
becomes very simple. 

Similarly in the main filtrate, if the trace of lead which escapes 
precipitation as sulphate is disregarded and bismuth is absent 
the fifth-group sulphides may be dissolved and the copper titrated 
at once. 

It is not advisable to employ the volumetric method for anti- 
mony here as the amount is small and difficult to dissolve from 
the sulphur thrown down with it. 

In treating the filtrate for iron, ammonia may be used instead 
of the basic acetate if manganese is absent. The percentage of 
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iron is usually high and no particular difficulties are likely to be 
met. 

Sulphur is occasionally determined in lead slags. This is either 
done by the Fahlberg-Iles method* or as follows:t One gram 
of the slag is treated in a casserole with a few c.c. of water, 10 
c.c. of concentrated nitric acid and finally 20-25 c.c. of concen- 
trated hydrochloric acid ; boiled for about ten minutes, more 
hydrochloric acid added, and then evaporated to dryness and 
baked on a hot plate. When cold it is taken up with concentrated 
hydrochloric acid and water and boiled thoroughly ; then the free 
acid neutralized with ammonia and exactly six c.c. of concentrated 
hydrochloric acid added and the boiling and stirring continued till 
it is certain that all the iron oxide and lead sulphate are in solu- 
tion ; diluted to 200 c.c, 25 c.c. of 10 per cent, barium chloride 
added and the solution boiled for 1 5 to 20 minutes, filtered and 
washed. The precipitate is ignited in a platimum crucible, the 
silica driven off by hydrochloric and sulphuric acids and the 
barium sulphate weighed. If the slag is not chilled, it will not be 
decomposed thoroughly, so the barium sulphate will be impure. 
With soluble slags this method gives good results and is much 
shorter than the Fahlberg-Iles. 

When the results are required in a very short time accuracy 
must give way to rapidity. So time is saved by working at once 
on a number of separate portions. (See Furman's *' Manual on 
Assaying.") 

The following methods are employed for these slags : 

Silica. — Dissolve half a gram in water and hydrochloric acid, 
filter, ignite and weigh the silica (which is of course impure). 

Barium, — Dissolve half a gram in hydrochloric acid, add sul- 
phuric acid and evaporate to fumes, neutralize the excess of sul- 
phuric acid by ammonia, add 6 c.c. of hydrochloric acid, dilute 
to 200 c.c, boil and filter, weigh the silica and barium sulphate. 

Iron, — I gram is dissolved and the iron titrated by either the 
dichromate or the permanganate method. 

Mangajiese, — i gram, using Volhard's method. 

Zinc, — I gram by the ferrocyanide method. 



*Iles, Decomposition and Analysis of Slags, School of Mines Quarterly, V., p. 

357. 

t Miller and Thompson, paper read at N. Y. Section American Chem. Soc. , Decem- 
ber 4, 1903. 
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Copper, — I gram or more by the colorimetric method. 

Lead, — i gram or more by volumetric methods or a larger 
portion by fire assay. 

Silver is usually determined by fire assay. 

The other determinations have been indicated under the iron 
and manganese slags. 

When ferrous iron is to be determined, Cooke's method, as 
given by Hillebrand, Bulletin 176, U. S. Geological Survey, p. 92, 
is to be used. 

Objection can easily be made to these schemes ; they are in- 
complete on one hand and too long for some purposes on the 
other ; but they are given as representing as much as is likely to 
be required of the mining engineer and .as affording plans which 
can be amplified, modified or shortened to meet special needs. If 
more complete schemes are desired, they are to be found in the 
article by Dr. Joiiet already mentioned. As rocks and slags have 
much in common from an analytical standpoint, Dr. Hillebrand's 
bulletin on rock analysis will give much valuable information. 
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CHAPTER XVI. 

Flue Gas Analysis. 

engineer is almost certain to have charge of some kind of 
a power plant, usually one where the heat of combustion of coal 
is the source of power ; in order to ascertain the efficiency at which 
the plant is run, he must know at least the analysis, better also, the 
calorific power, of the coal, and the composition of the flue gas 
and the ash — the results of combustion. 

The examination of the ash is for unburned carbon and requires 
additional description." The determinations required in the 

le gas are carbon dioxide, carbon monoxide, oxygen and nitro- 
gen ; the first two are of the greatest importance, as the higher 
the carbon dioxide and the lower the monoxide, the more efficient 
is the combustion. If thi.'i is obtained by the introduction of an 

icessive quantity of air, both the carbon dioxide and monoxide 
be low. 

All that is required of the engineer is a knowledge of how to 
determine these four important constituents, really only three for 
the nitrogen is determined by difference, in order to ascertain 
whether the fuel is being used economically. This is obtained 
more satisfactorily by a number of analyses at frequent intervals, 
each made with rapidity, than by one analysis made with all the 
precautions and corrections, on account of the variations in the 
composition of the gas due to additions of fresh fuel, changing of 
draughts, etc. Therefore no mention will be made hereof the so- 
called ■' exact" gas analysis, where all the measurements are made 
over mercury and allowance made for changes in temperature, 
barometer, etc., except to refer the reader to Hempel's Gas Analy- 
sis, recently translated by Prof. Dennis. We need only consider 
the most simple application of " technical " gas analysis. 

Gas analysis is a branch of volumetric analysis and the results 
are always expressed in percentage by volume. Now, as the vari- 
ation of volume of all gases for temperature and pressure is the 
same, the percentage by volume at any given temperature and 
lure will be the same as under the standard conditions. o°C. 



Iure will be tl 
« coal aOBlysis. 
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and 760 mm. It is therefore only when some particular con- 
stituent is absorbed and afterwards determined gravimetrically or 
by titration, that it is necessary in the ** technical " analysis to ap- 
ply the corrections for temperature, pressure and tension of aque- 
ous vapor. However, variations of temperature or of pressure 
must be most carefully guarded against while the analysis is in 
progress, as these would vitiate the results. Whenever possible, 
the analysis is conducted in a room of even temperature, prefer- 
ably with a northern exposure. All measurements are made at 
the atmospheric pressure and over water which has been previ- 
ously saturated with a gas similar to that under examination. 

If the temperature remains constant the tension of aqueous 
vapor is also constant, and when the analysis is conducted rapidly 
the variations of the atmospheric pressure are not likely to affect 
the results seriously. So as these conditions are practically con- 
stant, the results expressed in percentage by volume will agree 
within an allowable error of say o. i per cent, of the results calcu- 
lated to the standard conditions. Unless there is a sudden bar- 
ometric change or by carelessness the gas becomes changed in 
temperature, the error is likely to be less than the inaccuracy in 
reading the volumes. 

Saturating the water over which the gas is measured or kept, 
and also the reagents, with the gases present, which are not to be 
absorbed by this particular reagent, deserves special emphasis. 
All gases are soluble in water^ to some extent and as carbon 
dioxide is soluble to the extent of about one volume of the gas 
to one volume of water, the error due to this cause may be great. 
The saturation is easily accomplished by running through one or 
two analyses of the gas, after the apparatus has been filled with 
water, reagents, etc., before making the analysis, the results of 
which are to be used. 

The Orsat apparatus is the most convenient for flue gas analysis, 
as it is compact and portable.* It is assumed in these notes that 
this form of apparatus is to be used. 

Reagents. 

Carbon dioxide is removed by a strong solution of potassium hy- 
dioxide, 500 grams of commercial caustic potash to a liter of 

* A description of this apparatus can be found in the text-books given at the end 
of this chapter or in the circulars of the dealers in chemical apparatus. 
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water, each cubic centimeter of this reagent absorbs about 40 c.c. 
of carbon dioxide. This is the first reagent used with the flue gas. 
O.vjgen is absorbed by an alkahne pyrogallate solution, made 
by dissolving (as far as possible out of contact with the air) 5 
grams of pyrogallol, C5H3(OH)3, in 100 c.c. of the potassium hy- 
droxide given above. Pyrogallol or, as it is frequently termed, 
pyrogallic acid, is a triatomic phenol, when dissolved in potassium 
hydroxide the three hydrogens of the hydroxyl groups are re- 
placed by potassium atoms. When oxygen is absorbed no definite 
but acetic acid, and brown humus-like sub- 
The reagent will be quickly exhausted if ex- 
ch c.c. absorbs about 2 c.c. of oxygen. This 
is the second reagent used in the flue gas analysis ; it is evident 
that as it contains an enormous excess of caustic alkali it would, 
if used first, absorb carbon dioxide as well as oxygen. 

Carbon monoxide is absorbed by a hydrochloric acid solution of 
cuprous chloride, which is made as follows :* Cover the bottom 
of a large wide-mouthed bottle with black oxide of copper, not 
sarily pure, to a depth of about half an inch ; fill nearly full 
with hydrochloric acid i.i sp. gr.; add about a hundred pieces of 
stout copper wire, cut in lengths of about six inches, so that they 
shall reach from the bottom to the top of the bottle ; allow to 
.stand, shaking occasionally, til! the solution is colorless ; then 
withdraw for use. The action is that the cupric oxide dissolves 
in the hydrochloric acid giving cupric chloride, this in turn dis- 
solves copper from the wires forming cuprous chloride, the reagent 
Icsired. 
The wires keep up the strength of the solution and reduce any 
tpric chloride formed by the air back to cuprous. The solution 
should be nearly colorless when used. The amount of carbon mon- 
oxide absorbed per c.c. is given variously by different authorities, but 
it is safe to assume that it will absorb an equal volume of carbon 
monoxide. The reaction is supposed to result in the formation of 
unstable addition product, Cu^Cl^.CO. As there is usually 
•cnlya few tenths of a per cent, of carbon monoxide in flue gas, 
reagent will last for some time if protected from oxidation or 
kept in contact with metallic copper. This is the third and last 
;ent used with flue gas. 
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Sampling. 

The sample should be taken as close as possible to the point 
where the flame ends and at the place in the flue of smallest cross- 
section, to prevent admixture of air and to get a sample of the gas 
which is really the result of the combustion in progress when the 
sample is obtained. Tubes are usually inserted in the wall of the 
chimney or other flue, which should penetrate to the center and 
contain asbestos to filter out dust, etc. They may be made of 
hard glass (combustion tubing), porcelain or metal depending on 
the temperature. Iron tubes are, however, obectionable as they 
become coated with oxide, which is reduced by the carbon mon- 
oxide in the gas with an increase in the amount of carbon dioxide. 

The end of the tube is provided with a cork or rubber stopper 
through which passes a smaller glass tube, which is connected by a 
short rubber tube with the sample tube. Many convenient forms 
of apparatus for samples of gas can be had from the dealers, but 
all that is necessary is a large pipette, 200-250 c.c, provided 
with a short piece of rubber tubing at both ends and two clamps. 

As the draught of the chimney must be overcome in taking the 
sample, some form of aspirator is needed. Water pumps are con- 
venient when water pressure is at hand, but a simple and service- 
able pump * can be made by reversing the valve of an ordinary 
large-sized bicycle pump. 

The aspirator is attached to the sample tube and the flue gases 
drawn through for several minutes to displace the air which fills 
the tube and connections ; then the ends of the sample tube are 
closed (by the clamps on the rubber tubes) and the sample is 
taken to the Orsat apparatus. 

Analysis. 

The Orsat apparatus consists essentially of three pipettes con- 
taining the reagents already described and a measuring tube grad- 
uated from o to 100 c.c. in tenths, provided with a levelling 
bottle, so that the pressure of the gas can be made equal to that 
of the atmosphere. The measuring tube and connections are 
filled with water by turning a stop-cock and raising the levelling 
bottle ; then the tube containing the sample is connected by one 
end, while the other is placed under water, to prevent admixture 
of air when the sample of gas is removed ; the connections are 

* Devised by Irving Langmuir. 
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opened and by lowering the levelling bottle a little more than 100 
c.c. of the flue gas is drawn into the measuring tube ; the sample 
tube is then closed and disconnected and the excess of flue gas 
above 100 c.c. driven out by raising the levelling bottle so that the 
liquid in the measuring tube and in the bottle shall coincide with 
the 100-c.c. mark. Then the stop-cock is turned to prevent the 
escape of gas and the analysis is begun. The gas is run into the first 
pipette, containing potassium hydroxide. By raising the levelling 
bottle, the gas displaces the alkali solution, which passes into the 
rear portion of the pipette, displacing in turn air which expands a 
rubber bag. In this way the reagents are kept from contact with 
the atmosphere. In the pipettes are a number of glass rods ; 
when the reagent is displaced these rods remain wet and so give 
a large surface for the absorption of carbon dioxide from the flue 
gas. After three minutes the gas is drawn back into the measur- 
ing tube, care being taken that the reagent comes back to exactly 
the point at which it stood before on the capillary tube connecting 
with the pipette ; and the gas is remeasured at the atmospheric 
pressure. The decrease in volume gives the percentage of carbon 
dioxide. In order to ensure the complete absorption of any con- 
stituent it is well to run the gas over again into the pipette for 
three minutes and then back and take a second reading; if more 
than two treatments are required, the reagent is becoming ex- 
hausted and should be renewed. When the carbon dioxide has 
been completely removed, the gas is run into the second pipette, 
containing alkaline pyrogallate, and the oxygen removed in the 
same way. As this reagent is likely to become weakened in a 
very short time several treatments are often necessary. After the 
oxygen has been removed and the second decrease in volume 
noted, the gas is run over into the third pipette containing cuprous 
chloride, for the removal of carbon monoxide ; then back and 
the final reading taken. The residual gas is considered nitrogen. 
Great care should be taken when making the readings to have 
the level in the levelling bottle and the measuring tube the same, 
so that the gas is under exactly atmospheric pressure each time. 

Results. 
While it is not the province of analytical chemistry to discuss 
^e results, it is to be expected that the carbon dioxide will be 
5—12 per cent., the carbon monoxide 0.0-0.4'per cent., the 
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oxygen together with the carbon dioxide should usually be be- 
tween 20 and 21 per cent., and the remainder nitrogen. 

While there is some variation in the percentage of oxygen in the 
air in different places, country and city, streets and parks, it is very 
slight, and 20.9 per cent, is very close to the correct percentage. 
Now if we burn carbon in air completely to carbon dioxide, as the 
volume of carbon dioxide is equal to the volume of oxygen used, 
according to Avogadro's law, the sum of the percentages of oxy- 
gen and carbon dioxide should equal that of the oxygen in the air, 
i. e.y 20.9 per cent. But it often happens in the analysis of flue 
gas that the sum of these two does not equal 20.9 per cent.; for 
if any carbon monoxide is produced we get two volumes of carbon 
monoxide for each volume of oxygen, hence the percentage of 
nitrogen is diminished ; on the other hand if hydrocarbons such as 
methane, etc., are present, from bituminous coal, we get one vol- 
ume of carbon dioxide from two volumes of oxygen, as the water 
condenses, and therefore an increase in the percentage of nitrogen 
over that in the air. (See also Calculations of Analytical Chem- 
istry, Chapter VIII.) 

For further information on flue gas analysis the reader is referred 
to Gills* ** Gas and Fuel Analysis for Engineers " ; Stillman's *' En- 
gineering Chemistry," and Blair's '* Chemical Analysis of Iron." 
For a complete discussion of gas analysis see Hempel's ** Gas 
Analysis" translated by Dennis, and Winkler's "Technical Gas 
Analysis," translated and enlarged by Lunge. 
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CHAPTER XVII. 
References to Additional Analysis. 

The last chapter concluded the descriptions of the analyses re- 
quired of the mining engineers at Columbia University, but not 
all those frequently needed in practice ; so this final chapter will 
contain references to recent reliable descriptions of a number of 
additional analyses which are often required of mining engineers, 
metallurgists or chemists. 

The following abbreviations will be used : 
Journal of the American Chemical Society ^ J, Am, C. S, 
Transactio7is of the American Institute of Mining Engineers ^ 
T A, L M, E, 
School of Mines Quarterly, S. of M, Qly, 
Chemical News, C. N, 
Zeitschrift fur Analytische Chemie, Z, A. C 
Zeitschrift fur Anorganische Chemie, Z, Anorg, C. 
Zeitschrift fur Angewandte Chemie, Z, Angew, C, 
Journal of the Society of Chemical Industry, J, S. C, /. \ 

Engineering and Minijig Journal, E. & M, J, ■•/^^ 



*-y 



Alkalimetry and Acidimetry: 

Sutton's Volumetric Analysis, Eighth Edition. 

Mohr's Lehrbuch der Titrirmethoden, Seventh Edition. Revised 
by Classen. 

James and Ritchey. Analyses Required for an Electrolytic Al- 
kali Works. J. Am. C. S., 24, 469, 1902. 

Review of Alkali Determinations. Z. A. C, 37, 684, 1898. 

North and Lee. On the Estimation of Alkaline Hydrate or Bi- 
carbonate in the Presence of Monocarbonate. J. S. C. I., 21, 
322, 1902. 

RiEGLER. Zur Titerstellung sowie zur Bestimmung kaustischer 
und kohlensaure Alkalien. Z. A. C, 38, 250, 1899. 

Review. Standardizing Acid and Alkali. Z. A. C, 40, 411, 1901. 

Marshall. Preparation of Standard Solutions of Sulphuric Acid. 
J. S. C. I., 18, 5, 1899. 

Alkalies in Feldspar, Rock or Slag, 
See Hillebrand, Bulletin 176, U. S. Geological Survey. 
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Alloys, 
Sack. Bibliographic der Metalllegierungen. Z. Anorg. C, 35, 
249» 1903- 

Type Metals, Bearing Metals, Etc. 

Andrews. On the Analysis of Alloys of Tin, Lead, Antimony 

and Arsenic. J. Am. C. S., 17, 869, 1895. 
Garrigues. Alloys for Metal Bearings. J. Am. C. S., 19, 934, 

1897. 
Walters and Affelder. Analysis of Bronzes and Bearing 

Metals. J. Am. C. S., 25, 632, 1903. 
Herz. Trennung von Antimon und Zinn mittels Oxalsaure. Z. 

Anorg. C, 37, i, 1903. 

Bronze, Brass^ German Silver, 

Cairns. Quantitative Analysis. 

Treadwell. Analytische Chemie, Vol. II. (now translated by 

Hall). 
Smith. Electrochemical Analysis. 
RiBAN. Traite d'analyse chimique par Telectrolyse. 

Bismuth. 

Riederer. Volumetric Determination of Bismuth as Molybdate 

and its Separation from Copper. J. Am. C. S., XXV., 907, 

1903. 
WiMMENAUR. Electrolytic Estimation of Bismuth. Z. Anorg. 

C, 27, I, 1901. 
Clark. Separation of Bismuth from Lead. J. S. C. I., 19, 26, 

1900. 
Bismuth in Pig Lead. Furman's Assaying, p. 163. 

Boiic Acid aiid Borax. 
Thaddeeff. Bestimung der Borsaure als Borfluokalium. Z. A. 

C, 36, 568, 1897. 
Gladding. Boric Acid Determination. J. Am. C. S., 20, 288, 

1898. 
Sargent. Determination of Boric Acid in Tourmaline. J. Am. 

C. S., 21, 859, 1899. 

Cadmium. 

BiEWEND. Ueber den Kadmium gehalt der Zinkerze. Berg und 
Huttenmannische Z., 61, 401. 
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Miller and Page. Quantitative Determination of Cadmium. S. 
of M. Quarterly, 22, 391, 1901. 

Calorific Power of Fuel, 

A.TWATER AND Snell. Description of a Bomb Calorimeter and 

Method of its Use. J. Am. C. S., 25, 659, 1903. 
Parr. The Peroxide Calorimeter as Applied to European Coals 

and Petroleum. J. Am. C. S., 24, 167, 1902. 
LrXJNGE. Ueber das verfahren von Parr zur Bestimmung des Heiz- 

werthes von Brennstoffen. Z. Angew. C, 14, 793, 1901. 
Kent. Calorific Value of American Coals. T. A. I. M. E., 

November, 1897. 
Parr. Coal Calorimeter. J. Am. C. S., 22, 646, 1900. 
NoYES, W. A. Determination of the Heating Effect of Coals. 

J. Am. C. S., 17, 843, 1895. 

Cement, 

Sxillman's Engineering Chemistry. 

Meade. Chemical and Physical Examination of Portland Cement, 

1 901. 
Candlot. Ciments et Chaux Hydrauliques. 1898, Paris. 
Longe. Chemische-Technische Untersuchungs Methoden. Vol. 

i» PP- 599-677- 
HiLLEBRAND AND RiCHARDSON. Report on Analysis of Materials 

for Portland Cement Industry. J. S. C. I., 21, 12, 1902. 

^iLLEBRAND. Critical Review of Certain Cement Analyses, etc. 

J- Am. C. S., 25, 1 180, 1903. 

Chlorates, Etc, 
Suxton. Volumetric Analysis, p. 186, etc. 

Chromuwi, 
^AiKNS. Quantitative Analysis. 
"lair. Chemical Analysis of Iron. 
^^Kenna. Complete Analysis of Chrome Ore. Proc. Eng. Soc. 

of Western Pa., 63, 180, 1897. 
^A^HON. Chromium in Steel. J. Am. C. S., 21, 1057, 1899. 

Cobalt, 
^Lassen. Ausgewahlte Methoden, p 425. 
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Cyanide Solutions, 

EissLER. The Cyanide Process for the Extraction of Gold, sl.tA 

other books on Gold Metallurgy, Rose, etc. 
Green. Testing Cyanide Solutions Containing Zinc. Institute of 

Mining and Metallurgy, October 17, 1901. 
Christy. Electromotive Force of Metals in Cyanide Solutio^r^s. 

T. A. I. M. E., 30, 864. 
Review of Methods of Analysis. Z. A. C, 1%^ 792, 1899. 
Sharwood. Notes on the Estimation of Cyanogen, etc. J. A^x:^. 

C. S., 19, 400, 1897. 

Copper, 

Fresenius. Hampe's method. Quantitative Analysis, English 

Edition, 1900, page 405. 
Keller. On the Analysis of American Refined Copper. J- 

Am. C. S., 16, 785, 1894. 
HoLLARD. Analysis of Commerical Copper by Electroly^'tzic 

Methods. Bulletin Soc. Chimique, 23, 292, 1900. 
Ulke. Copper Assaying and Analysis, Commercial Metho^J^^- 

E. and M. J., December 16, 1899. 
Review of Methods. Z. A. C, 37, 120, 1898. 

Fluoidne, 

Jannasch. Praktische Leitfaden der Gewichts Analyse, p. 2 

Stahl. Analysis of Commercial Hydrofluoric Acid. J. Am. 

S., 18, 415. 

Indicators, 

Sutton. Volumetric Analysis. 

Review of Indicators, Z. A. C, 42, 304, 1903. 

Lunge. Bericht der Indikatoren-Kommission. Z. Angew. C, C 

14s, 1903. 
Glaser. Ueber Indicatoren. Z. A. C, 41, 36, 1902; also 3^ 

273, 1899. 

Lead, Refined Lead, 

Cairns. Quantitative Analysis. 

Review of Methods, Z. A. C, 42, 628, 1903. 

Lithium, 
Jannasch. Gewichtsanalyse. 

Waller. Bei der Bestimmung des Lithiums. Z. A. C, 36, 5^3' 
1897. 
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3Iercury. 
'URMAN, Manual of Assaying. 
:hi3M, Assay for Mercury. E. & M. J., 66, 86. 
Smith and Wallace. Electrolytic Estimation of Mercury. J. 

Am. C. S., IS, 169, 1896. 
RisiKG AND Lenhek. An Electrolytic Method for the Determi- 
nation of Mercury in Cinnabar. J. Am. C. S., 18, 96, 1896. 
Pretzfeld. Gravimetric Estimation of Mercury and its Separa- 
tion from Arsenic, Antimony and Copper, J. Am. C. S., XXV., 
198, 1903. 

Molybdenum. 

bpp. Molybdenum in Steel. J. Am, C. S., 24, i86, 1902. 

AucHY. Molybdenum in Steel. J. Am. C. S., 24. 273, 1902. 

Nickel. 
.Sargent. Determination of Nickel in Nickel Steel. J. Am. C. 

S., 21, 854, 1899. 
Edwards. Nickel Assay. New Caledonia. E. & M. J,, May 28, 

598. 
Langmuir. Nickel in Nickel Ores. J. Am. C. S., 22, 102, 

1900. 
Herz. Nickel Sulphide, etc. Z. Anorg. C, 28, 342, 1901. 
Taggart. Electrolytic Precipitation of Nickel from Phosphate 

Solutions. J. Am. C. S., 25, 1039, 1903. 

Oils. 

Gill. Oil Analysis. 

■ Allen. Commercial Organic Analysis, Vol. 11. 
iLewkowitsch. Chemical Analysis of Oils, Fats and Waxes. 

Paint. 
iEllis. White Paint Analysis (Evanston, III.). 
Thompson. Analysis of White Paint, j. S. C. I., 15, 432 and 

791, 1S96. 
Gnehm. Unorganische Farbstoffe in Lunge's Chemisch-Tech- 

nische Untersuchungs Methoden, Vol. II., pp. 765—804. 

Phosphates, Etc. 
WvATT. Phosphates of America. 

Chatard. Phosphate Chemistry as it Concerns the Miner. T. 
A, I. M. E., 21, 160. 
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Tungsten. 
ORNTRAGER. Rosche Wolframprobe und Analyse von Wolfram- 

erzen, etc. Z. A. C, 39, 361, 1900. 
ungsten in Steel : Blair; McKenna, C. N., 67, 1900; Auchy, J. 

Am. C S., 21, 239, 1899. 

Uranium. 
Kern. Quantitative Separation and Determination of Uranium. 

J. Am. C. S., 23, 685-726, 1901. 
Tritchle. Analysis of Uranium and Vanadium Ores. E. & 
M. J., Nov. 10, 1900. 

Water. 

ID^ASON. Examination of Water. 1901. 

Stillman. Engineering Chemistry, pp. 42-97. 1900. 

For those determinations, to which no references are given, see 
the standard text-books on quantitative analysis, among these : 
Classen's "Ausgewahlte Methoden der Analytischen Chemie, 2 
"vols., 1901 and 1903, Treadwell's ** Analytische Chemie," vol. i, 
<qualitative, vol. 2, quantitative, recently translated by Hall, and 
Tresenius' ** Quantitative Chemical Analysis " translated by Groves 
(English), 1900, or by Cohn (American), 1903, are the best; and 
silso Waller's abstracts on Analytical Chemistry which are to be 
found in the School of Mines Quarterly. 
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engravinge. Ready Sept., 1904. 

TKmSON, A. A., Prof. (Ohio University). Electrical 
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ffRTON, H. The Electrical Arc. With numerous fig- 

ree, diagrams and plates. Svo, cloth, illustrated S5.O0 
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^R'S Marine Engines and Boilers In Presx. 

EISTER, R. The Cleaning and Sewerage of Cit" es. 

Slc.d from the Gc^nnaii with permission of the author. By 
. Goodell, C.E. Second Edition, revised and corrected, to- 
withan additional appendix. Svo, cloth. illustrated. S2.00 

HONT, R. Color in Woven Design. With 32 

iored plates and numerous original iiliistRitions. Large, 

17.60 

P. Dyeing of Cotton Fabrics. A Practical 

mdbook for the Dyer and Student. Containina numerous 

recipes for the production of Cotton Fabrics ot all kinds, of a great 
range of colors, thus making it ot great service in the dye-house, 
vhSe to the student it is of value in that the scienttGc principles 
which underlie the operations of dyeini are clearly laid down. 
With 44 illustrations of Bleaching and Dyeing Machinery. Svo, 
cloth, illustrated nel, 83.00 

— Dyeing of Woolen Fabrics. With diagrams and 

figures. Svo, cloth, illustrated net, 83.50 

BECKWITH, A. Pottery. Observations on the Materials 

and Manufacture of Terra-cotta, Stoneware, Firebrick, Porce- 
liun. Earthenware, Brick, Majolica, and Encaustic Tiles. Second 
Edition. Svo, paper 60 
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BEGTRITP, J., M.E. The Slide Valve and its Functitmi, 

With Special R«terenpe to Modern Practice ia the United Stata. 
With ntimeroua diagrams and figure*, Svo, cloth $2.(B 

BERNTHSEN, A. A Text-book of Organic Chemi£ti7, 

Translated by George M'Gowan, Ph.D. Fourth English Editwi, 
revisiHl and extended by author and translator. lllustral«d 
I2mo, cloth , . 12 30 

BERSCH, J., Dr. Hanufacture of Hineral and Lake 

Pigments. Containing directions for the manufacture of «ll 
artificial artistis' and paint«m' colora, enamel eolors, siiot anil 
metallic pigments. A text-book for Manufai'turera, Merchsnts. 
Artists and Painters. Tranalated from the serond rei'iW edilian 
by AHhur C. Wriglit. M.A, Svo, cloth, illuatrated ntt.ib flO' 

BERTZN, L. E. Marine Boilers: Their Construction and 

Working, dealing more especially with Tubulous Boilers. Tnua- 
latcd by Leslie 8. Robertson. Assoc. H. Inst. C.E., M. I. Mei 
M.I.N. A., containing upward of 250 illustrations. Preface bf 
Sir William White. K.C.B.. F.R.S., Director of Naval Coiistrw- 
tion to the Admiralty, and Assistant Controller of llie Nsw. 
A'etu and Revised Edilum. Svo, cloth, illustrated *7-SD 

BIGGS, C. H. W. First Principles of Electricity and 

Magnetism, A book for beginners in practical work, eoutainiDg i 
a good deal of useful information not usuollv to be found in I 
similar books. With numerous tables and 343 diagrams snd 1 
figures. 12mo, cloth, illustrated $2 00 I 

BIHNS, C. F. Ceramic Technology. Being Some Aspects | 

of Technical Science as applied to Pottery -Manufacture, ^mti, 
cloth , .'. ne(, So 'VI 

Manual of Practical Potting, Compiled by Experts. 

Third Edition, revised and erdorged. Svo, cloth iw(, 17 5fl 

BIRCHMORE, W. H., Dr. How to Use a Gas Analysis. 
12nio, cloth, illustrated !nPr,-si. 

BLAKE, W. P. Report upon the Precious Metals. Being 

Statistical Notices of the Principal Gold and Silver producing 
regions of the world, represented at the Paris Universiu Expos- 
tion. Svo, cloth K W 

BLAKESLEY, T. H. Alternating Currents of Electricity. 

For the use of Students and Engineers. Third Edition, (nlorjfrf. 
12mo, cloth |I«I j 
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tYTH, A. ■W., M.R.C.S., F.C.S. Foods: Their Com- 
f poeitioQ and AnaJyaia. A Manual for the use of AnBlytical 
Chemists, with an Introductory Esesy on the History of Adultera- 
tions. Witli numerous tablea and iHustrationa. Fi/lk Edition, 
Ihoroughiy Teirined, enlarged and rewritten. 8vo, doth S7.50 

— Poisons: Their Effects and Detection. A Manual 

for the use of Analytical Chemists and Esperts, with an Intro- 
ductory Essay on the Growth of Modem Toxicology. Third 
Edition, revised and enlarged. 8vo, eloth S7 .50 

ODHER, G. R. HydrauUc Motors and Turbines. For 

the use of Engineers, Manufaeturere and Students. Third Edi- 
tion, revised and enlarged. Witli 192 Liluetrations. 12nio, 
doth 55,00 

WILEAU, J. T. A New and Complete Set of Traverse 

Tables, showing the Difference of Latitude and Departure of 
every minute of the Quadrant and to five places of decimals. 
8vo, cloth S5 . 00 

SOniTET, G. £. The Electro-platers' Handbook. A 

Manual for Amateurs and Young Students of Electro-metallurgy. 
60 illustrations. 12mo, doth. . SI . 20 

lOTTOHE, S. R. Electrical Instrument MaMng for 

Amateurs. A Practical Haiidbook. With 4S Illustrations. 
Fifth Edition, revised. 12mo, cloth 50 

— Electric Bells, and All About Them. A Practical 
Book for Practical Men. With more than 100 lUustrationa. 
Fourth Edition, remned and enlarged, 12mo, cloth 50 

— Electro-motors I How Made and How Used. A 

Handbook for Amateurs and Practical Men. Second Edition. 
12mo, cioth 75 

BOURRY, E. Treatise on Ceramic Industries. A Complete 

' Manual for Pottery, Tile and Brick Works. Translated from 
the French by WUton P. Rix. Willi 323 figures and illustrations. 
8vo, doth, illustrated net, $8 . 50 

Bow, R. H. A Treatise on Bracing. With its applica- 
tion to Bridges and other Structures of Wood or Iron. 156 illus- 
, trations. 8vo, cloth 51.50 

BOWIE, AUG. J., Jr., U.E. A Practical Treatise on 

Hydraulic Mining in CalLfomia. Witli Description of the Use 
and Construction of Ditches, Flumes, Wrought-iron Pipes and 
Danis; Flow of Water on Heavy Grades, and its Applicability, 
under High Pressure, to Mining. Ninth Edition, Small quarto, 
doth. lUuatrated J5.00 
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BOWKER, Wm. R. Dynamo, Motor and' Switchboard 

Circuits. For Electrical EnBineern. A practical book, dealing 
with the Hubject of Direct, AJtemating, and Polyphase Cufrentp. 
With over 1(X) diagrams and engravings. 8vo, dolh.. ne£,(2 25 

BOWSER, E. A., Prof. An Elementaiy Treatise 

Analj'tic Geometry. Erabracing Plane Geometry, and an Intro- 
duction to Geometry of three Dimensions. TiverUjf-fiTgt B^ion. 
12mo, cloth. $1,75 

— ^An Elementary Treatise on the Differential and 

Integra! Calculus. With numerous examples. TiceTUieth Ediliim, 
12mo, cloth , %2.25 

An Elementary Treatise on Analjrtic Mechanics. With 

numerous examples. Sixlecnlh Edition. J2nio,cloth t~ " 

— — An Elementary Treatise on Hydro-mechanics. Willi 
numerous examples. Fifth E<Ulion. 12mo,clolh C " 

— — A Treatise on Roofs and Bridges. With NumerouB 
Exercises, csptcially adapted for school use. 12mo, cbtli. 
Ulustratec! ne(, 82, 25 

BRASSEY'S Haval Annual for i<)04. Edited by T. A. 

Brassey. With nuinemus fuii-page diagrams, half-tone illuBlra- 
tions and tables. Lighteenth year of publication, fvo, clolh, 
)llu8trat«d net, M.OO 

BRAUN, E. The Baker's Book: A Practical Handbook 

of the Baking Industry in all Countries. Profusely illustrated 
with diagrams, engravings, and full-pa^e colored plates. Trans- 
lated into English and edited by Emil Braun. Vol. I., Svo, 

cloth, illustrated, SOS pages J2 . 50 

Vol. II. 363 pages, illustrated 12.50 

British Standard Sections. Issued by the Engineering 

Standards Committee, Supported by Tlio Instltutii n of Civil 
Engineers, The Institution of Mechanical Engineers, The Institu- 
tion of Naval Architscta, The Iron and Steel Inetilute, and Tlie 
Institution of Electrical Engineers. Comprising 9 plates of 
diagrams, with letter-press and tables. Oblong pi.mntJet, 
S3X15 51.00 

BROWU, WM. W. The Art of Enamelling on Metal. With 

figures ami illustrntjons. 12mo, clotli, ilhiilrated nel. !1 00 

— —Handbook on Japanning and Enamelling, for Cycles, 

" ■ ■ '3,Tinw'are,etc. 12mo, doth, illustrated nei,$J.50 
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ffi.OWN, WM. N. House Decorating and Painting. With 

Numerous illuBtrations. r2rao, cloth. . nrt, SI flO 

History of Decorative Art. With Designs and Illus- 

trjitioTis. 12mo, floth nel, SI 25 

Principle and Practice of Dipping, Burnishing, Lac- 
quering and Brotizlng Braes Ware. 12nio, cloth ncl, SI 00 

-Workshop Wrinkles for Decorators, Painters, Paper- 

Hanf;ers anc! Others. Svo, doth net.Bl 00 

BUCHANAN, E. E. Tables of Squares. Containing the 

square of every foot, inch, and sixteenth o! an inch, between one 
sixteenth of an inch and fifty feet. For Engineers aud C'alfH- 
latore. 16mo, oblong, doth $1 . 00 

BURGH, N. P. Modem Marine Engineering, Applied to 

PaddJe and Screw Propulsion. Consiating of 36 colored plates, 
259 practical woodcut lilvistratlons and 403 pages of descriptive 
matter. The whole being an exposition of the present practice 
of Jamee Watt & Co., J. & G. Rennie, R. Napier & Sons, and 
other celebrated firms. Thick quarto, half morocco SIO.OO 

3URT, W. A. Key to the Solar Compass, and Surveyor's 
Companion. Comprising all the rules necessary for use in the 
field; also description of the Linear Surveys and Public Land 
System of the United States, Notes on the Barometer, Sugges- 
tions for an Outfit tor a Survey of Four Months, etc. SeveTith 
Edilion. Pocket size, full leather 82.50 

;AMPIH, F. On the Construction of Iron Roofs. A 

Theoretical and Practical Treatise, with woodcuts and plates of 
roofs recently executed. Svo, elotli 82 . 00 

:ARTER, E. T. Motive Power and Gearing for Elec- 
trical Machinery. A treatise on the Theory and Practice of the 
Mechanical Equipment of Power Stations for ElBCtrical Supply 
and for Electric Traction. Svo, cloth, illustrated 85.00 

:ATHCART, WM. L., prof. Machine Design. Part I. 

Fastenings. Svo, cloth, illustrated ne(, 13.00 

and CHAFFEE, J. I. Course of Graphic Statics Applied 

to Mechanical Engineering In Press. 

CHAMBER'S MATHEMATICAL TABLES, consisting of 
Logarithms of Numbers 1 to 108,000, Trigonometrical, Nautical 
and other Tables. New Edition. Svo, cloth Jl . 75 
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CHARPENTIER, P. Timber. A Compreben^ve Study ] 

of Wood in all ita Aapects, CotnmprciaJ and Botanical, Shov- 
ing the Different Applications add Uses of Timber :n Variow | 
Trades, etc. Translaled into English. Svo, clotli, illus.. .net, i 

CHAUVENET, W., Prof. New Method of Correcting 

Lunar Distances, and Improved Method of Finding the Error 
and Rate of a Chronometer, ijy Equal Altitudes. 8vo, cloth. 12.00 

CHILD, C. T. Tlie How and Why of Electricity. A 

Book of Liformatioii for non-t«^hnieal readers, treating of the 
PropertieH of Electricity, and how it is generated, handled, con- 
trolled, meaBured and set to work. Also explaining the opera- 
tion of Electrical Apparatus. Svo, cloth, illustrated $1,0" 

CHBISTIE, W. W. Chimney Design and Theory. A 

Book for Engineere and Architects, with numerous half-tone 
illustrations and plates of famous chimneys. Second Edition, 
mnsed. Svo, cloth S3. 00 

Furnace Draft : its Production by Mechanical Methods. 

A Handy Reference Book, with figures and tables. 18mO| limp 
cloth, illustrated , . 

Boiler-waters, Scale, Corrosion, Foaming.. . , .In Press. 

CLAPPERTON, G. Practical Paper-making. A Manual 

for Paper-makers and Owners and Managers of Paper Mills, to 
which is appended useful tables, calculations, data, etc,, with 
illustrations reproduced from micro-photographs. 12mo, cloth, 
illustrated 82.50 

CLARE, D. E., C.E. A Manual of Rules, Tables and 

Data for Meclianii-al Engineers. Based on the moat recent in\-es- 
tigations. Illustrated with numerous diagra:ns. 1012 pages. 8vo, 

cloth. Siilh EdiHiin J6.00 

Half morocco $7,50 

Fuel: its Combustion and Economy; consisting of 

abridgments of Treatise on the Combustion of Coal. ByC, W, 
WlUiams, ajid the Economy of Fuel, by T. S. Prideaux. With 
extensive additions in recent practice in the Combustion and 
Economy of Fuel, Coal, Coke, Wood, Peat, Petroleum, etc. 
Fourth Edition. 12nio, cloth $1,50 

The Mechanical Engineer's Pocket-book of Tables, 

Formula;, Rules and Data. A Handy Book of Reference fnr 
Daily Use in Engineering Practice. 16mo, morocco. FijA 
Edition, carefully revised Ikroiighout $3 , 00 
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, K., C.E. Tramways: Their Construction and 

rking. Embracing a, comprehensive hiatory of the system, with 
junta of the various modes of traction, a dcacription of the 
eticB of rolling stock, and ample details of Cost and Working 
)en§es. Seamd Edition, reicritlen and greatly enlarged, laUk 
•ardi ol 400 illuslraiioTis. Thick 8vo, cloth S9 . 00 

Z, J. M. New System of Laying Out Railway Tum- 

i instantly, by inspection from tables. 12mo, cloth. . . $1 .00 

iEN-THDE, W. The ABC Universal Commercial 

:tric Telegraphic Code; speciaJIv adapted for the use of 
anciers, Merchants, Ship-ownera, Brokers, Agents, etc. Fourth 

(ton. 8vo, cloth S5 . 00 

h Edilion of same S7 00 

he A I Universal Commercial Electric Telegraphic 

e. CK-er 1240 pages and neariy 90,000 variations. 8vo, 
h 87.50 

lAITIT, T. M. The Railroad Engineer's Practice. 

ag a Short but Complete Description of the Duties of the 
uig Engineer in Prelmiinary and Location Sun-eya and in 
Btruction. Fouiih Edition, revised and enlarged. lUustratcd. 
lo, cloth 81.50 

:NGER, S. R. a Treatise on the Method of Gov- 

cnent Surveying as prescribed bv tlie U. S. Congress and Com- 
sioner of the General Land Office, with connplele Mathemati- 
Astronomical, and Practical Instructions for the use of the 
ted States Surveyors in the field. 16mo, morocco 12.50 

TH, F. Rubber, Gutta-Percha, and Balata. First 

iJish Translation with Additions and Emendations by the 

;hor. With nuiiierous figures, tables, diagrams, and folding 

;ea. Svo, cloth, illustrated ne!, J5.00 

N, J. H. C, Prof. Navigation and Nautical Astron- 

f. Prepared for the use of the II. S. Naval Academy. New 
ticn. Revised by Commander Cliarles Belknap. 52 woodcut 
rtrations. 12mo, cloth net, $3.60 

R. S., U.A. A Treatise on Photographic Optics. 

ng an aceomit of the Principles of Optics, so far as they apply 
)hotography. 12mo, cloth, 103 illus. and folding plates. .82.50 

HS, J. E. The Private Book of Useful Alloys and 

noranda for Goldsmit lis, Jewelers, etc. ISmo, cloth 60 
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DODD, GEO. Dictionary of Mantifactures, Mining, Ma- 
chinery, and the Indlistriiil Arts. 12riii), ciolh Jl.SO 

DORR, B. F. The Surveyor's Guide and Pocket TaWe- 

liook. Fifth Edition, thoroughly rei'tsed and greally ej^kniM. 
With a second appendix up to date. 16mo, morocco flaps. . (2 00 

DRAPER, C. H. An Elementary Text-book of Li^C, 

Heat and Sound, with Nunierovia Examples. Fourth Editum. 
12mo, cloth, illustrated $1 00 

Heat and the Principles of Thermo-dynamics. With 

many illustrations and numerical examples. 12mo, cloth. ., SISD 

DYSON, S. S. Practical Testing of Raw Materials. A 

Concise Handbook for Manufacturers, Merchants, and Users d 
Chemicals, Oils, Fuels, Gaa Reaiduale and By-products, and 
Paper-niaking Materials, with Chapters on Water Analyraa and 
the Testing of Trade Efflueuta. Hvo, cloth, illustrations, 177 
pages ' nel, S5.M 

EDDY, H. T., Prof. Researches in Graphical Statics. 

Embracing New ConBtnictiona in Graphical Statics, a New General 
Method in Graphical Statics, and the Tlieory of Internal Sires 
in Graphical Statics 8vo, cloth 11.50 

UaxLmum Stresses under Concentrated Loads. 

Treated graphically. Dluatrated Si o, doth _ J1.50 

EISSLER, M. The Metallurgy of Gold. A Practical Treatise 

on the Metallurgical Treatment of Gold-bearing Ores, including 
the Processes of Concentration ai.d Chlorination, and the Araay- 
ing, Melting and Rehning of Gold Fi/th Edition, rei-ieed nnd 
greaily enlarged. Over 300 illustrations and numerous folding 
plates. 8vo, cloth. S7 . 50 

The Hydro-Metallurgy of Copper. Being en Account 

of processes adopted in the Hydro-metallurgical Treatment of 
Cupriferous Ores, including the Manufacture of Copper Vitriol. 
With chapters on the sources of supply of Copper and the Roasting 
of Copper Ores. With numerous diagrams and figures. 8vo, 
cloth, illustrated ne(, $4.50 

■ The Metallurgy of Silver. A Practical Treatise on the 

Amalgamation, Roasting and Lijtiviation sf Silver Ores, including 
the Assaying, Melting and ReGning of Silver Bullion. 124 
illuBtrations. Second Ediiion, enlar^d. 8vo, cloth $4 00 
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fSSLKR, M. The Metallurgy of Argentiferous Lead. A 

Practiiail Treatise on the Smelling of Silver-LeaU Ores and the Re- 
fining of Lead Bullion. LicludinK Reporta on Various Smelting 
Establishnieiita and Descriptions of Modem Smelting Furnaces and 
Plants in Europe and America. With 1S3 illustrations. 8vo. 
doth 15 . 00 

Cyanide Process for tlie Extraction of Gold and its 

Practical Application on the Witwatererand Gold Fields in South 
Africa. TAird Edition, revised and enlarged. Dliistrations and 
folding plates. 8vo, cloth S3 . 00 

• — A Handbook on Uodem E^losives, Being a Prac- 
tical Treatise on the Manufacture and Use of Djmamite, Gun- 
cotton, Nitroglycerine, and other Explosive Compounds, in- 
cluding the manufacture of Collodion-cotton, with chapters on 
Explosives in Practical Application. SecoTid Edition, enlarged 
vnth 150 iUmtratiom. 12rao, cloth 85.00 

!LIOT, C. W., and STORER, F. H. A Compendious 

Manual of Qualitative Cheniieal Analysia. Revised witli the co- 
operation of the authors, by Prof. William R. Nichols. Illus- 
trated. Twentieth Edition, newly revised by Prof. W. B. Lindsay. 
12mo, cloth net. $1 .25 

XLIOT, G. H., Maj. European Light-house Systems. 

Being a Report of a Tour of Inspection made in 1^73. 51 en- 
gravings and 21 woodcuts. Svo, cloth $5.00 

RPURT, J. Dyeing of Paper Pulp. A Practical Treatise 

for the uae of paper-makers, paper-stainers, students and others, 
With illustrations and 157 patterns of paper dyed in the pulp, 
with formulas tor each. Traaslated into English and edited, 
. with additions, by Julius Hiibner, F.C.S. 8vo, cloth, illua- 
tiated ne(. $7 . 50 

VERETT, J. D. Elementary Text-book of Physics. 

niuBtratwi. Seventh EdUion. 1 2mo, cloth $1 . 50 

WING, A. J., Prof. The Magnetic Induction in Iron 

and other metals. Third Edition, revised. 159 illustrations. 
Svo, cloth 84.00 

AIRIE, J., F.G.S. Notes on Lead Ores: Their Distribu- 
tion and Properties. l'2rao, cloth ¥1 .00 

; — Notes on Pottery Clays: The Distribution, Properties, 

Uses and AnalyaiB of Ball Clays, China Clays and China Stone. 
With tables and formulte. 12mo, cloth SI. 60 
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K. C^ and DAfiBT, W. C. 

vo Swiwaarine Cable Taoog: Ti:^ ii«nr d 
twi. 9*0, ctotfa, Qhntnted. 

nSUSK, V. C Tbe Fotaitiani^er and its A^ttaca. 
3vo, doih. -~ ... 

FiSKE, B. A^ lient^ tT^JI. Kle c t ncitj is TheorT and 

PrartJFe ; .ir, TTi* f^rauattB of ElectiieU EngnKenn^. " fiTitd 
Editivti. Sto, cioui. 12 50 

rLEISCHMASlf, W. Tbe Book of dK Omiy. A 1 

of Urn itTeDOf and PrafCce of Daiix Worit. TiatulMted fnm. 
tiie GeiTiun, bv C. M. *ifcniin« and' R. Pacnck Wngiit. ^a 

ckitk ' S4.00 

FLEMXnG, J. A^ Phtf. Hie AltBuste-CQcreiit Tnns- 

fiirmer in Theory and Praa^K. ToL I.. Tbe ladoctioa of flemic 
Cmrenta; 611 pwes. ?frw EdOion.JlasaateiL Sva. dolfa. SS 
Vol. n.. The UtiSz&Qan of Indoped Concnts. IDastrated. v- 
cloth. - , $5 00 

Centenary of 

Svo. pspET, Ulusuated. 

Electric Lamps and Electric li^tiog. Bentg ■ 

rouree ot four lectui«9 delivered ai the Rov^ laatitiajon. Api3- 
May, 13S4. Sto, cluch, fully fflustiatal. . .'. gj| 



the Electrical Cmroit, rTgt^iSn. 



A Handbook for the Electrical Laboratory and TW- 1 

mg Room. '2 volumes, ^vo, ciolh ... each tStB 
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and PRAY, THOS., Jr. The Mechanical 

i' Reference Book for Machine ajid Boiler Construction, 
1 parts. Part 1 — General Engineering Data. Part 2 — 
J Boiler Construction. With 51 plates and numerouB itluatrationa, 
specially drawn tor this work. Folio, half morocco $25.00 

hjRffEY, M. IT, Catechism of the Locomotive. Second 

f Edition, revised and enlarged, 46th tliousand. Svo, cloth, .S3. 50 

pOStER, J. G., Gen., U.S.A. Submarine Blasting in 

! Boston Harbor, Maasaehusetts. Removal of Tower and Corwin 
Rocks. Illustrated with 7 plates. 4to, cloth 83.50 

hSTER, H. A. Electrical Engineers' Pocket-book. With 
the Collaboration of Eminent Specialists. A handbook of useful 
data for Electrieians and Electrical Engineers. With innumer- 
I able tables, diagrams, and figures. Third Edition, remaed 
1 Pocket size, full leather, 1000 pp 85.00 

ITER, J. Treatise on the Evaporation of Saccharine, 
Chemical and other Liquids hy the Multiple System in Vacuum 
and Open Air. Third Edition. Diagrams and large plates. 
Svo. cloth $7,50 

fox, WM., and THOMAS, C. W., M.E. A Practical 

Course in Mechanical Drawing, Second Edition, revised. 12nio, 
doth, with plates »l . 25 

fRAITCIS, J. B., C.E. Lowell Hydraulic Experiments. 

Being a selection from experiments on Hydraulic Motors on 
the Flow of Water over Weirs, in Open Canals of uniform rect- 
angular section, and through submerged Orifices and diverging 
Tubes. Made at Lowell, Mass. Fourth Edition, revised arid 
erUarged. with manj' new experiments, and illustrated witli 23 

copper-plate engravings. 4to, cloth J16.00 

FULLER, G. W. Report on the Investigations into the 
Purification of the Ohio River Water at Louisville, Kentucky. 
made to the President and Directors of the Loubville Water 
Company. Published under agreement with the Directors. 
3 full-page plates. 4to, cloth net, $10.00 

FURNELL, J. Students' Manual of Paints, Colors, Oils 

and Vamishea. Svo, cloth, illustrated net, 81 .00 

BARCKE, E., and FELLS, J. M. Factory Accounts: 



their principles and practice. A handbook tor 
manufacturers, with appendices on the nomenclature of machine 
details, the rating of^ factories, fire and boiler insurance, the 
factory and workshop acts. etc.. including also a large number 
of specimen rulings. Fi/lh Edition, revised and extended. Svo, 
cloth, illustrated $3,00 
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GEIPEL, WH., and EILG017R, H. H. A Pocket-took ' 

of Eicctriral Engineering F.m.id^. IHus. ISmo.. mor. . ,S.^ 00 



GESCHWrai), L. Manufacture of Alum and Sulphates, 

and otiier Saltf; nf Aluiaimi and Iron; their uses and applicadnna 
af mordikcts iu dyeing and calico piinting, and their othe; appli- 
catlona in the Arts, Manufartures, Sanilarj' Engineering, Agri- 
culture and Horticulture. Tranelated from the French bj 

Charles Salter. With tables, figures and diagrams. Svo, ckpth, 
illustrated. net, S5.DD 

GIBBS, W. E. Lighting by Acetylene, Generators, Burners 

and Eki'tric Furnaces. With 66 illustrations. Setond Edilimi, 
rcriscd. 12mo, doth $1 .50 

GILLHORE, Q. A., Gen. Treatise on Limes, HydrauUc 
Cements and Mortars. Papers on Practical Engineering, United 
States Engineer Department, No. 9, containing Reports ot na- 
nierou.t Experiments conducted in New York City during the 

years 185S to 1S61, inclusive. With numeroua illuslraliom. 
Svo, doth J4 09 

Practical Treatise on the Construction of Roads, 

streets and Pavements. Tenth Edition. With 70 illuslralioM 
12mo, cloth S2 00 



GOLDING, 

Applied I 



PracticaUy 

12m'i, doih, 
. . . nf(. SI 2S 



GOODEVE, T. H. A Text-book on the Steam-engine. 

With a Supplement on Gas-engines. Tirelflh Edition, enlarid- 
143 illustrations. 12mo, cloth J2 00 



GORE, G., 

Metals, 
doth 



The Art of Electrolytic Separation of 

leoretical and Practical.) JUuBlrated m". 



GOULD, E. S. The Arithmetic of the Steam-engine. 



J 



SCIENTIFIC PUBLICATIONS. 19 

biOLD, E. S. Practical Hydrostatics and Hydrostatic For^ 

Tnulas. With numerous figure? and diagrams (Van NoslTand'a 
Sdtnce Series, No. 117.) 16mo, clolh, illUBtrated, 114 pp.. . ,50 

(RAT, J., B.Sc. Electrical Influen-e Machines: Their 

Historical Development, and Modern Forma, with instructions 
for maMng them. With numerohB figures and diagrams. Second 
Edition, revised arid enlarged, 12mo, cloth, Jlus., 296 pp.. . .82.00 

GRIFFITHS, A. B., Ph.D. A Xreati e on Manures, or 

the Philoaophv of Manuring, A Practical Handbook tor the 
AgrieulturiBt, Manufacturer, and Student, 12mo, cloth. . . $3.00 

j- — Dental Metallurgy. A Manual for Students and 
' Dentists. Svo, cloth, illustrated, 20S pp ,, nc(, S3.50 

GROSS, E. Hops, in their Botanical, Agricultural and 

Technical Aspect, and as au article uf Commerce. Trajislatcd 
from the German by Charles Salter. Witli tables, diagrams, 
and illuBtrationa. Svn. cloth, illustrated , , . nel, $4.50 

KlOVER, F. Practical Treatise on Modem Gas and 

Oil Engines. 8vo, cloth, illustrated 82.00 

BaUNER, A. Power-loom Weaving and Tarn Number- 
ing, aceordioK to various systems, with conversion tables. An 
aaxiliary and text^book far pupils of weaving schools, as well 
as for self-instruction, and for general use by those engaged in 
the weaving industry. Illustrated with colored diagrams. Svo, 
doth. ne(, 83 .00 

SDRDEW, R. L. Traverse Tables: Computed to Four- 

Elaee Decimals for every single minute of angle up to 100 of 
listanee. For the use ot Surveyors and EngineerB. New Edition. 
Folio, half morocco 87,50 

iUT, A. E. Experiments on the Flexure of Beams, 
resulting in the Discovery of New Laws of Failure by Buckling. 
Reprinted from the "American Machinist." With diagrams and 
folding plates. Svo, cloth, illustrated, 122 pages nei,%l.25 

iUY, A. F. Electric Light and Power : Giving the Result 

of Practical Experience in Central -station Work, Svo, cloth, 

I illustrated $2 . 50 

llAEDER, H., C.E. A Handbook on the Steam-engine. 
With especial reference to small and medium-eized engines. For 
the use of Engine-maJcers, Mechanical Draiaghtsmen, Engineer- 
ing Students and Users of Steam Power. Translated from the 
German, with considerable additions and aJterations, by H. H. 
P. Powles. Tkird English Edilion, revised, Svo, cloth, illus- 
trated. 458 pages 83.00 



k 



aO D VAN N03TRAND COMPANY'S 

HALL, W. S., Prof. Elements of the DiEferential 

Integral CalculuB. Fourth Edition, m'ised. 8vo, clotli, illus- i 
trated. nft, $2.25 

Descriptive Geometry, with N'umerous Problems and 

Practical Applicntiona. Cogiprising an 8vo volume of 76 rag<s 

of text and a 4to atlas of 31 platea. 2 vols., cloth. . . . Tiel, $;s 50 

Postage, 0.32 

HALSEY, F. A. SUde-valve Gears. An Eiplanation of 

the Aption aiiU Construction ot Plain and Cut-off Slide Vali-e>. 
Illustrated. Seventh Edition. 12mo, eioth $i SO 

The Use of the Slide Rule. With illustrations and 

folding plates. Second Edition. 16mo, boards. {Van Not- \ 
frandS Science SFries, "So. 114.) 50 

The Locomotive Link Motion, with Diagrams and 

Tables. 8vo, clotli, ilkislrated SI W 

Worm and Spiral Gearing. Revised and Enlarged 

Edition. Ifinio, clotli (Van Nostrand's Science Series, No. ilfi.) 
Illustrated 50 

The Metric Fallacy, and " The Metric Failure in 

the Textile Industry," by Samuel S. Dale. 8vo, cloth, illus- 
trated $1.00 

HAMILTON, W. G. Useful Information for Railway 

Men. Tenth Edition, revisfd and enlarged. 562 pages, pocfcft 
form. Morocco, gilt 12 00 

HAMMER, W. J. Radium, and Other Radio-active Sub- 
stances; Polonium, Actinium and Thorium. With a considera- 
tion of Phoaphoreecent and Flunrescent Substances, the Proiw 
ties and Applications of Selenium, and the treatment of diseaee 
by the Ullra-Violet Light. Sfcond Edition. With diagrams, 
enKTavings and photographic plates. Svo, cloth, illuBtrated, 72 p , 

»I.0I1 

HAMCOCK, H. Text-book of Mechanics and Hydro- 
statics, with over 500 diagrams. Svo, cloth |l 75 

HARRISON, W. B. The Mechanics' Tool-book. Wth I 

Practical Rules and Suggestion.^ for use of Machiniat*, Iw- I 
workers and others. With 44 engranngs, 12mo, cloth. .. .11 S" I 

HART, J. W. External Plumbing Work, A Treatise an 
Lead Work for Roofs. With numerous figures and diagrami 
Svo doth, illustrated nrt,».« 
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HART, J. W. Hints to Plumbers on Joint Wiping, Pipe 
Bending, and Lend BiimiiiK. C'oiiti.LhLrig is4 figures and dia- 
grams. 8vo, elotli, illuKtratcd net, $3,00 

Principles of Hot-water Supply, With numerous 

illuBtrations. Svo, doth tie(, $3,00 

Sanitary Plumbing and Drainage. With numerous 

diagrams and figuris, Svo, cloth, illuatrixted net, $3.00 

HASKHTS, C. H. The Galvanometer and its Uses. A 

Manual for ElectricianB and Students. Fourth Edition. 12mo, 
cloth $1-50 

EAUFF, W. A. American Multiplier: Multiplications and 

Divisiona of the largest numbers rapidly performed. With index 
giving the results instantly of all numbers to lOOOX 1000~1.000.- 
000; also tablea of circumferences and areas of circles. Cloth, 
6iXl51 $5.00 

HAUSBRAiro, E. Drying by Means of Air and Steam. 
With explanations, fortuulaa, and labl*s, for Uf.e in practce. 
Translated from the German, bv A. C. Wrighf, M.A, 12mo, 
doth, itluitrated .' $2.00 

Evaporating, Condensing and Cooling Apparatus; 

ExplanBtioiis, Formula', and Tables for Use in Practice. Trans- 
Isted from the .Seccmd Revispd Genimn Edition by A. C. Wright, 
M.A. With numerous figures, tables and diagrams. Svo, cloth, 
iihistrat«d, 400 pages nf(, 55,00 

EAUSNER, A, Manufacture of Preserved Foods and 
Sweetmeats. A Handbook of all the ProcesBBS for the Presen'a- 
tion of Flesh, Fruit, and Vegetables, and for the Preparation of 
Dried Fruit, Dried Vegetables, Marmalades, Fruit-syrups, and 
Fennented Beverages, and of all kinds of Candies, Candied Fruit, 
Sweetmeats, RocIib, Drops, Dragees. Pralines, etc. Translated 
from the Third Enlarged German Edition, bv Arthur Morris and 
Herbert Ilobson, B.Se. Svo, cloth, illustrated nel.SS.OO 

EAWKE, W. H. The Premier Cipher Telegraphic Code, 
containing 100,000 Words and Phrases. The most complete and 
most useful general code j'et published. 4to, cloth $5 00 

- — 100,000 Words Supplement to the Premier Code. 

All the words are selected from the official vocabulary. Oblong 
quarto, cloth 85 . 00 

HAWKIHS, C. C, and WAXLIS, F. The Dynamo: its 
Theory, Design, and Manufacture. 190 illustrations. 12mo, 
cloth $3.00 
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HAY, A. Principles of Alternate-current Working. i3mo,tr 

cloth, illustrated BOST 

HEAP, D. P., Major, U.S.A. Electric 1 Appliances A 

the Preaent Day. Report o( the Paria Electrical Expoalion nl V 
losl. :i50 illiiatratioiis. Svo, cloth 12.00 I 

HEAVISIDE, 0. Electromagnetic Theory. 8to, doth, i 
two volumes each, (3 Ou J 

HECK, R. C. H., Prof. (Lehigh University). The S 

Engine. A text-book, for Engineeriug Colleges In Prfii. 

HEERMANIf, P. Dyers' Materials. An Introduction to 

the EvaminAtioD, Yaluation, and Application of the most impor- 
tant substanceB uaed in Dyeing, Pnntiuji:, Bleaching and Finish- 
ing. Translated by Arthur C. Wright, Si. A. 12mo, cloth. illoB- 
trated ne(, 12 50 

HENRICI, 0. Skeleton Structures, Applied to the Build- 
ing of Steel and Iron Bridges. Svo, cloth, illustrated SI ,50 

HERMANW, F. Painting on Glass and Porcelain and 

Enamel Paintiag. On llie basis of Personal Practical Experience 

of the Condition of the .A.rt up to date. Translatwi by Clmries 

Salter. Second greatly enlarged edition. Svo, cloth, illufltraWd, 

neJ,S3.50 

HERRMANN, G. The Graphical Statics of Hech^sm. 

A Guide for the Use of Machinists, Architects and Engine 
also a Text-book for Technical Schools. Translatod ar _ 
tated bv A. P. Smith, M.E. FouHh Edition. 12mo, doth, 7 
folding plates J2.0r 

HERZFELD, J., Dr. The Technical Testing of Yams and 

^Testile Fabrics, with reference to official specifications. Trans- j 
lated by Chaa. Salter, With 69 illustrations. Svo, cloth net. 13.50 

HEWSON, W. Principles and Practice of Embankmg 

Lands from River Floods, aa applied to the Levees of the Misfflft- 
sippi. Svo, cloth S2.00 

HILL, J. W. The Purification of Public Water Supphes. 

Illustrated with valuable tables, diagrams, and cut«. Svo. 
■cloth, 304 pages J3-00 

— — Interpretation of Water Analysis, izmo, cloth. 

InPreu. 



A 




The Arithmetic of Electrical Measure- 
niplee, fuUy worked. Keviscd by 
Riclmrii Wonnell, M.A, Ninih Edition. I2mo, cloth., 50 

S.N. The Avoidance of Collisions 



lOLLEY, A. L. Railway Practice. American and Euro- 
pi'im lliiilway Practice iJi the Economical Geuenitioii ot Steam, 
liil^tudine the Materials and Construction of Coal'bumlng Boilers, 
Cnmhustion, tlie Variable Blast, Vaporization, Circulation. Super- 
heating, Supplying and Heating Fred Water, etc., and the 
Adaptation of Wood and Coke-buming B.agiDes to Ccuil-buming; 
and in Permanent Way, including Roadbed, Sleepers, llnils, 
Joint Fastenings, Street Railways, ete. With 77 lithographed 
plates. Folio, doth $12,00 

lOLMES, A. B. The Electric Light Popularly Explained. 

Fifth EdUioH. Rluatrated. 12nio, paper 40 



lOPKinS, N. U. Model Engines and Small Boats. 

Mpthodfl ot Eiigliii! and liuilfr Making, with a thapt. 
inentary Siiip Design and Constructs '" ' ' 



New 

Flc- 

2mo, cloth 81.25 



lOUSTON, E. J., and KENNELLY, A. E. Algebra Made 

Easy. Dning a clear explanation of the Mathematical Forrnulie 
found in Prof. Thompson's " Dynamo-electrie Machinery and 
Polyphase Electric Currents." With figures and examples." hvo. 
cloth, illustrated 75 

The Interpretation of Mathematical Fonnulse. With 

figures and exatnpios. Svo, cloth, illustrated 11 2.5 

[OWARD, C. R. Earthwork Mensuration on the Basis 

of the Priamoidal Fomiul% Containing Simple and Labor-saving 
Methods of obtaining Priamoidal Contentfl directly from End 
Areas. Illustrated by Examples ajid a.cFompanied by Plaiii 
Rules for Practical Use. Illustrated. Svo, cloth tl.50 

[OWORTH, J. Art of Repairing and Riveting Glass, 
China and Earthenware. Second Edilian. Svo, pamphlet, illus- 
trated nei, $1) 50 

[UBBARD, E. The Utilization of Wood-waste. A Com- 
pete Account of the Most Advantageous Methods of Working Up 
Wood Refuse, especially Sawdust, Exiiausted Dye Woods and 
Tan aa Fuel, as a Source of Chemical Products for Artificial Wood 
Compositions, Explosives, Manures, and many other Technical 
Purposes. Translated from the German of the seeond reciserf 
and enlarged edition, Svo, cloth, illustrated, 192 pages. . ntt, $2,50 
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HUICBER, W., C.E. A Haad; Book for the Calculatic 

of StrSiiDB in Girdera, and Similar Structures, and their Strengtb; 1 
conBiBling of FonniUiP and Corresponding Diagrama, with numer- I 
0U8 detftila for practical application, etc. Fourth Edition. 12m0| I 
cloth 

HURST, G. H., F.C.S. Color. A Handbook of the Theoij 1 

of Color. A practical work for the Artist, Art Student, PaiiiUr, I 
Dyer and Calico Printer, and Others. Illustrated with 10 colwed 
platefl and 72 illUBtrations. 8vo, cloth ne(, $2.50 

Dictionaiy of Chemicals and Raw Products Used 

in the Manufacture of Painte, Colors, Varnishea and Allied Prep- 
arations. 8vo, cloth nei, K-OQ 

Lubricating Oils, Fats and Greases: Their Origin, 

PreTiaration, Properties, Uaea and Analysis. 313 pages, with 
65 aiustrations. Svo, cloth iMrf, 13 Ott 

Soaps. A Practical Manual of the Manufacture of 

Domestic, Toilet and other Soaps. Ulustrated with 66 engmv- 
inga. 8vo, cloth net, (5.00 

Textile Soaps and Oils: A Handbook on the Prepars- 

tion, Properties, and Analysis of the Soaps and Oils Used in 
Textile Manufacturing, Dyeing and Printing, With tables and 
illiwtrations. Svo, cloth net, $2.50 

HUTCHINSON, W. B. Patents and How to Make Money 

out of Them. 12mo, cioth $1.25 

HDTTON, W. S. Steam-boiler Construction. A Practical 
Handbook for Engine<'tB, Boiler-makers and Steam-users. Con- 
taining a large collection of rules and data relating to recent 
practice in tlie design, construction and working ol all kmds 
of stationary, locomotive and marine st«am-boilera. With up- 
wards of 540 illustrations. Fourth Edition, carefully revised and 
much enlarged. Svo, cloth 16,00 

Practical Engineer's Handbook, comprising a Treatise 

on Modem Engines and Boilers, Marine, Locomotive and Station- 
ary, Fourth Edition, carefully revised, with additions. With 
upwards of 570 illustrations. Svo, cloth $7 00 

The Works' Manager's Han book of Modem Rules, 

Tables and Data for Civil and Mechanical Engineers, Millwrights 
and Boilei^makers, etc-, etc. ^Ith upwards of 150 iUustrationB. 
Fifth Edition, carefully revised, with additiom. Svo, clolli.. . S6.00 

INGLE, H. Manual of Agricultural Chemistry. Svo, 

cloth, illustrated, 38S pages , net, $3 . 00 
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fflTES, C. H. Problems in Machine Design, For the 

use of Students, Draughtsmefa and othere. Second Edition, 1 2nio. 
cloth ..nel. $2.00 

'' — Centrifugal Pumps, Turbines and Water Motors. In- 
cluding the Theory and Practice of Hydraulics. Third and enlarged 
edition. 12mo, cloth Tiet, 82,00 

SHERWOOD, B. F. Engineering Precedents for Steam 

Machinery. Arranged in the most practical and useful manner 
for Engineeta. With illustrations. Two volumes in one. 8vo. 
doth $2.50 

AMIESON, A., C.E. A Text-book n Steam and Steam- 

enfflnes. Specially arranged for the use of Science and Art, City 
and Guilds of London Institute, and other Engineering Students. 
Thirteenth EdUion. Illustrated. l2mo, rloth $3.00 

—~ Elementary Manual on Steam and the Steam-engine. 

Speciallj' arranged for the use of First-year Science and Art, City 
and Guilds of London Institute, and other Elementary Engineer- 
ing Students. Third Ediiion. 12mo, doth 81 .50 

fAWNETTAZ, E. A Guide to the Detennination of Rocks; 

being an Introduction to Litholcigy. Translated from the French 
^ G. W. Plympton, Professor of Physical Science at Brooklyn 
Polytechnic Institute, 12nio, cloth . .'. $1 .*50 

|£HL, F., Mem. A.I.E.E. The Manufacture of Carbons 

tot Electric Lighting and Other Purposes. A Practical Handbook, 
I givinEa complete description of the art of maJiing cariwns, electros, 
etc. The various gas generators and Eumaees used in carbonizing, 
with a plan for a model factory. IHustrated with numerous dia- 
grams, tables and folding plates. Svo, cloth, illustrated.. . . 84.00 

tEiraiSOIT, F. H. The Manufacture of Lake Pigments 

from Artificial Colors. A useful handbook for color manufac- 
turers, dyers, ojlor chemists, paint raaniifacturera. drysaltere, 
wallpaper-makers, enamel and surface-paper maters, frith 15 
plates illustrating the various methods and errors that arise in 
the different processes of production. Svo, cloth net, S3. 00 

DHITSGN, W. McA. "The Metallurgy of Nickel." In Press. 

OHNSTON, J. F. W., Prof., and CAMERON, Sir Chas. 

Elements of Agricultural Chemiatrv and Geology. Seventeenth 
Editiott. 12roo, cloth 82,60 

tOHES, H. C. Outlines of Electrochemistry. With 

tables and diagrams. 4to, cloth, illustrated 81,50 

L 
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JONES, M. W. The Testing and Valuation of Raw H 

rialHUsedin Paint and Color Manufacture. 12mo, cloth,. mI.JIHJ 

JOYWSON, F. H. The Metals Used in ConstniclifflLj 
Iron, Steel, Bessemer Metal, etc. Dlufltruted. 12mo, cloth.. . 

of Machine 



JUPTNER, H, F. V. Slderology: The Science of 1 

(The ConBtitution of Iron AlloyH and Iron.) Translated fioa 
the German. Svo, cloth, 345 pages, illustrated - — ~ 

KANSAS CITY BRIDGE, THE. With an Account « 

the Regimen of the Missouri River and a Description of 
Methods used for Founding in that River, by O. Chanute, Ci 
Engineer,' and George Morison, Assistant Engineer. LIustrsttj 
with 5 lithographic views and 12 plates of plans. 4to, cloth. 

KAPP, G., C.E. Electric Transmission of Energy i 

its TraiiBformation, Subdivision and Distribiition. A practio* 
handbook. Fourlh Editing, rerined. 12mo, cloth S3.Stf 

■ Dynamos, Motors, Alternators and Rotary Con- 
verters. TransUted from the third German edition, by HanM 
H. SimmonB, A.M.I.E.E. With numerous diagrams and figuia. 
Svo, cloth. 607 pages « M 

KEIM, A. W. Prevention of Dampness in Buitdingi. 

With Remarks on the Causes, Nature and Effecta of Soiine Efilo- 
rescences and Dry Rot. For Arehitecls, Builders, OverseMi. 
Plasterers, Painters and House Owners. Translated from tin 
tecond revised, German edition. With colored plates and div 
grams. Svo, cloth, illustrated, 115 pages net, $2 iW 

EELSEY, W. R. Continuous- current Dynamos asd 

Motors, and their Control: being a series of artieles rpprinled 
from The Praclical Engineer, and compltted by W. R. Kflaev. 
Willi many figures and diagrams. Svo, cloth, ilhistrated. . (2 50 

KEMP, J. F., A.B., E.M. A Handbook of Rocks. ForUw 

without the microscope. With a glossary of the names of ro* 

and of other lithological tertns. 8vo, cloth, illustrated $13) 

Third EdUion, reviled. 

KEMPE, H. R. The Electrical Engineer's Pocket-book 

of Modem Rules, Formula, Tables and Data. lllufltraWd' 
3*2mo, morocco, gilt II 7S 
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EDY, R. Uodern Enfines and Power Generators. 

Vol. I. A Praetical Work on Prime Movers- and the Tranamission 
of Power; Steam, Electric, Water, and Hot-air. With tables, 
figures, and full-page engravings. 4tti, cloth, iUustraied. . S3. 50 

CEimEDY, R. Electrical Installations of Electric Light, 

Power, Traction, and Industrial Electrical Machinery, With nu- 
' merous diagrams and engravings. 

' Vrf. I, The Electrical Circuit, Heasurement, Ele- 
ments of Motors, Dynamos, Electrolysis. Svo, cloth, illlls, . Sii.SO 

Vol. II. Instruments, Transformers, Installation Wir- 
ing, Switches and Switehboarde. Svo, cloth, illuatrated. . . . $3.50 

Vol. ni. Production of Electrical Energy, Prime 

Movera, Generators and Motors. Svo, doth, illustrated. . . SI. ,50 

I Vol. IV. Uechanical Gearing; Complete Electric In- 

stallatioua; Electrolytic, Mining and Heating AppamtiiH; Electric 
Traction; Special Applications of Electric Motors. Svo, cloth, 
illustrated S3.50 

■ Vol. V. Apparatus and Machinery used in Telegraphs, 

Telephones, Signals, Wireless Telegraph, X-Rays, and Medical 
Science. Svo, cloth, illustrated S3 . 50 

CEHHELLY, A. E. Theoretical Elements of Electro- 
dynamic Machinery. Svo, cloth SI . 3D 

OLGOUR, M. H., SWAN, H., and BIGGS, C. H. W. Elec- 
trical Distribution: its Theory and Practice. 174 illustratioiia. 
12mo, cloth 54 . 00 

QITG, W. H, Lessons and Practical Notes on Steam, 

the Steam-engine, Propellers, etc., for Young Marine Engineers, 
Students and others. Revised by Chief Engineer J. W. King, 
United States Navy. ISlh Ediiion, enlarged. Svo, cloth 82.00 

GIVGDON, J. A. Apphed Magnetism. An Introduction 

to the Design of Electromagnetic Apparatus, Svo, cloth. , 83.00 

EIRKALDY, W. G. Illustrations of David Kirkaldy's 

System of Mechanical Testing, aa Originated and Carried on by 
him during a Quarter of a Century. Comprising a Lalge ''"' — 
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KIRKBRIDE, J. Engraving for Illustration: Historical I 

aiiU I'ractical Notes, with illustrations and 2 plates by i^ I 
phiiln pr.ieess. Svo, doth, illustrated, 72 pages ne/, $1 50 I 

KIRKWOOD, J. P. Report on the Filtration of Rivet 



KLEIN, J, F. Design of a High-speed Steam-engine. 

With notes, diagrams, formulas and tables. Second Edition, 
rei-ieed and entaTged. Svo, clotli, illustrated, 257 pages, .net, SS.OO 

KNIGHT, A. M., Lieut.-Coni. U.S.H. Modern Seaman- 
ship. Illustrated with 136 full-page plates and diagrams. Svo, 

cloth, illustrated. Sfcojid Edition, reiised net K 00 

Half morocco I7.S0 

KNOTT, C. G., and MACKAY, J. S. Practical Mathematics. 

With numerous examples, figures and diagrams. New Edition, 
Svo, doth, Qlustrated J2,00 

KOLLER, T. The UtiHzation of Waste Products. A 

Treatise on the Rational Utilization, Recovery and Treatment 
of Waste Products of all kinds. Translated from tbe Gennan 
second Tensed edition. With numerous diagrams. Svo, cloili, 
illustrated, 280 pages net, $3.50 j 

Cosmetics. A Handbook of the Manufacture, Em- 
ployment and Testing of all Cosmetic Materials and Coffiuetic 
oecialties. Translated from the German by Chas. Salter. Svo, 
nrf,$2.S0 

KRATTCH, C, Dr. Testing of Chemical Reagents for 

Purity. Authorized translation of the Third Edition, by J. A. 
Williamson and L. W. Dupre. With additions and emendations 
by the author. Svo, doth net, $4.50 

LAMBERT, T. Lead, and its Compounds, With tables, 

(iiagrama and folding plates. Kvo, cloth, 22-i pages nei, $3.50 

Bone Products and Manures. An Account of 

the most recent improvementa in the manufacture of Fat, Glue, 
Animal Charcoal, Size, Gelatine and Manures. With plans and 
diagrams. Svo, doth, illustrated ?ie(, $3.00 

LAMBORN, L. L, Cotton-seed Products. With numerous 

diagrams and engravings In Press. 
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ECHT, R. Recovery Work after Pit Fires. A 

description of the principal methods pursued, especially in fiery 
mines, and ot the varioua appliances enicloyed, such as respira- 
tory and rescue apparatus, dams. etc. With folding plates and 
diagramH, Translated from the German by Charles Salter. Svo, 
cloth, illustrated net, S4.00 

I I.ASRABEE, C. S. Cipher and Secret Letter and Tele- 
graphic Code, with Hog's IraproveiiientB. The most perfect 
Secret Code ever invented or discovered. Impossible to read 
without the key. ISnio, cloth 60 

LASSAR-COHN, Dr. An Introduction to Modem Sden- 

lific Chemistry, in the form of popular lectures suited to IJniversLty 
Extension Students and general readers. Translated from the 
author's corrected proofs for the second German ediHon, by 
M. M. Pattison Muir, M.A. 12mo, cloth, illustrated $2.00 

LKASK, A. R, Breakdowns at Sea and How to Repair 

i Them. With 89 iUust ration b. Serotid Edition. Svo, cloth. $2 . 00 

■ Triple and Quadruple Expansion Engines and Boilers 

and their Manaeoment. Witii 56 illustrations. Third Edition, 
revised. 12mo, cloth $2.00 

Refrigerating Machinery; Its Principles and Man- 
agement. With 64 illustrations. 12mo, cloth $2.00 

LECKY, S. T. S. "Wrii^es" in Practical Navigation. 

With 130 illustrations. Svo, cloth. Fourleenlh EdiHon, revised 
and ddarged $9.00 

LEFEVRE, L. Architectural Pottery: Bricks, Tiles, Pipes, 

Enajneled Ter'ra-Cottas. Ordinary and Incrusted Quarries, Stone- 
ware Mosaics, Faiences and Architectural Stoneware. With 
tables, plates and 950 cuts and illustrations. With a preface by 
M. J.-C. FormU^. Translated from the French, by K. H. Bird, 
M.A., and W. Moore Einns. 4to, cloth, illustrated Ji«i, $7.50 

LEUHER, S. Ink Manufacture : including Writing, Copy- 
ing. Lithographic, Marking, Stamping and Laundry Inks. Trans- 
lated from the filih, Gerinan edition, by Arthur Morris and 
Herbert Robson, B.Sc. Svo, cloth, illustrated »ie(, $2.50 

LEMSTROM, Dr. ■ Electricity in Horticulture. Illus- 
trated In Press. 

LEVY, C. L. Eiectric-light Primer. A simple and com- 
prehensive digest of all the most important facts connected with 
the running of the dynamo, and electric lights, with precautions 
for safety. For the use of persons whose duty it is to look after 
the plant. Svo, pai)er 50 
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LIVACHE, ACH. (Ingenieur CivU des Mines). The Hi 

ufaeture o( Varnishes, Oil Crushing, Refining and Boiling, 
Kindred Industries. Describing the Manufacture and t'hemli'a] 
and Physiiwl Propertifls of Spirit Vamishf* and Oil Viiniishes; 
Raw Materiale; Resins; Solvents and Coloring Princij^es; Dry- 
ing Oils, their Extraction, Properties and Applica,iiiins; Cni 
Refining and Boiling; The Matiufaeture. EmplovmeDt and Tral- 
ing of VariouB Varnishes. Translated from the French, bv John 
Geddes Mcintosh. Greatly extended and adapted to Englisli 

Bractice. With numerous original recipes by the translswr, 
lustrated witli cuts and diagrams. 8vo, cloth net, tS.IW 

LIVERMORE, V. P., and WILLIAMS, J. How to Becoms fe 

a Competent Motarman. Being a Practical Treatise on the 
Proper Method of Operating a Street Railway Motor Car; alM 
giving details how to overcome certain detects. 16mo, cioih, 
niuatrated. 132 pages II 00 

LOBBEN, P., M.E. Machinists' and Draftsmen's Hand- 
book, containing Tables, Rules, and Formulas, with numerom 
examples, explaining the principles of mathematics and mechanicB, 
aa applied lo the mechanical trades. Intended as a reference boot 
for all interested in Mechanical work. Illustrated with 
cuts and diagrams. Svo, cloth 

LOCKE, A. G. and C. G. A Practical Treatise on the 

Manufacture of Sulphuric Acid. With 77 eonatructive ^lo. 
drawn to acale measiiremBnt«, and other iUuetratione. RoyJ 
8to, cloth 110.00 

LOCKERT, L. Petroleum Motor-cars. i2mo, cloth, $1.50 

LOCKWOOD, T. D. Electricity, Magnetism, and Electro- 
telegraphy. A Practical Guide for Students, Operators, and 
Inspectors. Svo, doth. Third Edition S2 SO > 



, kjS 



— Electrical Measurement and the Galvanometer: 

Construction and Uses. Second Edition. 32 illustrati 



leter: its - 

ms- 12mo, L 



Signalling Across Space, Without Wires: being! 

description of the work of Hertz and his successors. With nuJDM^ ; 
oua diagrams and lialf-tone cuts, and additional remarks con- 
ceming the application to Telegraphy and later developiMnU 1 
Third Edition. Svo, cloth, illustrated Ti^.|2.00 
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tRI>, R. T. Decorative and Fancy Fabrics. A Valuable 

Book with deBignH and illuatrations for manufacturers and de- 

' mgnere of Carpets, Daniask, Dress and all Textile Fabrics. 8vo, 

cloth, illuBtrated ,, ne(, $3.50 

>RII16, A. £. A Handbook of tbe Electro-magnetic 
' Telegraph. Iflmo, cloth, hnnrdiJ. New ond enlarged edition . . .50 

ErCB, S. B., Com. Text-book of Seamanship. The 

Equipping and Handling of VesselB under Sail or Steam. For 
the use of the U. S, Naval Academy. Eevised and enlarged 
etfiiion, by Lieut. Wm. 8. Benson. 8vo, cloth, illustrated. . 810,00 

ffCKE, C. E., Prof. Columbia Univ. Gas Engine Design. 

tnrGE, G., Ph.D. Coal-tar and Ammonia: being the 
third and eidargeU edition of "A Treatise on the DiPtUlruion of 
Coal-t.ar and Ammonlacal Lir|Uor," with numerous tables, figures 
and diagrams. Thick 8vo, cloth, illustrated iiel, $15.00 

■ — A Theoretical and Practical Treatise on the Man- 

' ufacture of Sulphuric Acid and Alkali with the Collateral Branches. 

• — Vol.1. Sulphuric Acid. In two parts, not sold separately. 
Second Editiun, revised and enlarged. 342iihis. ^vo, clolli. . Slo.OO 

— Vol. n. Salt Cake, Hydrochloric Acid and Leblanc 

Soda. Second Edilion, revised arul enlarged. 8vo, cloth. . . 815.00 

p— Vol. m. Anmionia Soda, and various other processes 

I of Alkali-making, and the preparation of Alkalis, Chlorine and 
Chlorates, by Electrolysis. 8 vo, cloth. JVeiu firftiion, 1896. . $15.00 

. — and HURTER, F. The Alkali Maker's Handbook. 
Tables and Analytical Methods for Manufacturers of Sulphuric 
Acid, Nitric Acid, Soda, Potash and Ammoiiitt. Sea/nd Edition. 

I 12mo, doth $3 . 00 

pPTON, A., PARfi, G. D. A., and PERKIN, H. Elec- 
' tricity as Applied to Mining. With tables, diagrams and folding 

I plates. 8vo, cloth, illustrated, 280 pages neT, 83 . 50 

fJQXJER, L. M., Ph.D. Minerals in Rock Sections. 
The Practical Method of Identifying Minerals in Rock Sections 
with the Microscope. Especially arranged for Students in Techni- 

, cal and Scientific Schools. 8vo, cloth, ifiustrated Ttei, SI . 50 

[ACCORD, C. W., Prof. A Practical Treatise on the 

Slide-valvt! by Eccentrics, examining bv methods the action of 

the Eccentric upon tiie Slide-valve, anrf explaining the practicsl 

Moceases of laymg out the movements, aciapting the Valve for 

, Its various duties in the Steam-engine. Second Edition. Elua- 

■ trated. 4to, doth , 82 . 60 
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MACKIE, JOHN. How to Make a Woolen MUl Pay.] 

ti;v(., ,lol}. lif(, »2 Of ' 

MACKROW, C. The Naval Architect's and Ship-builder's , 

Pocket-biHik of Furmula-, Rules, and Tables; and Engineers' aui ' 
Surveyors' Handy Book of Reference. Eighth Edition, revM 'j 
and enlarged. ICiiio, limp leather, illustrated $5 00 . 

MAGUIRE, E., Capt., U.S.A. The Attack and Defenct f: 

of Coast Fortifications. With ma]» and tiuoieroiis illustratiHTu^, (- 
8vo, cloth 12 50 ::- 

MAGUIRE, WH. R. Domestic Sanitary Drainage and 

Plumbing Leeturea on Practical Sanitation. 332 illuHtratioi* 

8vo $4 on 

MAILLOtrX, C. 0. Electro-tractioa Machinery. 8vo, 
cloth, illustrated In Press. 

MARKS, E. C. R. Mechanical Engineering Materials: r 

Their Properties and Treatment in Construction. 12iiio, dutb, 
illustrated 60, '„ 

Notes on the Construction of Cranes and Liftioi i: 

Machinery. With numerous diagrams and figures, Nev o«5 
enlarged edition, 12tno, cloth net, il. 50 !' 

-Notes on the Construction and Working of Pumps, j. 

With figures, diagrams and engravings. 12mO| cloth, illus- 
trated net.t\ 50 ': 

MARKS, G. C. Hydraulic Power Engineering. A Prac- ►- 

tical Manual on the Concentration and Trananiisalon of Pomif "^ 
by Hydraulic Machinery. With over 200 diagrams and table* 
8vo, cloth, illustrated. . ' — -« . 



$3. SO L 

ratus, 

$5 00 I; 



MAVER, W. American Telegraphy: Systems, Apparatus, 

Operation. 450 illustrations. Svo, cloth 

MAYER, A. M., Prof. Lecture Notes on Physics. 8to, 

cloth »■: 00 

McCULLOCH, R. S., Prof. Elementary Treatise on the 

Mechanical Theory of Heat, and its eppUcation to Air and Steam- 
engines. Svo, cloth tS.sO I 

McINTOSH, J. G. Technology of Sugar. A Practital Treatiw 

on the Manufacture of Sugar from the Sugar-cane and SugM- ' 
beet. With diagrams and taWea. 8vo, cloth, lUuatrated.n^r, tt.X 
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ilTEILL, B. McNeill's Code. Arrfinged to meet the 

requirementa of Mining, MetaUurgical and Civil Engineers, Direc- 
tors of Mining. Smelting and other Companiea, Bankers. Stock 
and Share Brokers. Solicitors, Accountants, Financiers and 
General Merchanta. Safety and Secrecy. Hvo, cloth. ... S6.00 

cPHERSON, J. A., A. M. Inst. C. E. Waterworks 
Distribution. \ practical guide to the laying out of wyatems of 
distributing mains for the supply of water to cities and towns. 
^th tables, folding plates and numerous full-page diagrams. 
8vo, cloth, illustrated $2,50 

lERRITT, WM. K. Field Testing for Gold and Silver. 

A Practical Manual for Prospectors and Miners. With numerous 
half-toae cuts, figurea and tables. 16mo, limp leather, illus- 
trated »l-50 

IBTAL TURNING. By a Foreman Pattern-maker. Dlus- 
trated with 81 engra rings. 12mo, cloth St .50 

DCHELL, S, Mine Drainage: being a Complete Prac- 
tical Treatise on Direct-acting Underground Steam Pumping 
Hachinen. Containing many folding plates, diagrams and 
tables. Second Edition, reumiUn and enlarged. Thick fvo, 
cloth, illustrated $10.00 

HERZINSKI, S., Dr. Waterproofing of Fabrics. Trans- 

Sfrom the German by Arthur Morris and Herbert Robson. 
diagrams and ngur^. Svo, cloth, illustrated. . . net, $2,50 

IINIPIE, W. Mechanical Drawing. A Text-book of 

Geometrical Drawing for the use of Mechanics and Schools, in 
«^ch the Definitions and Rules of Geometry are familiarly ex- 
jilMned; the Practical Problems are arranged from the most 
amide to the more complex, and in their description technicalities 
are avoided as much as posMble. With illtiatrationB for drawing 
Plans, Sections, and Elevations of Railwaya and Machinery; an 
Introduction to Isometrical Drawing, and an Essay on Linear 
PetBpective and Shadows. Illustrated with over 200 diagrams 
engraved on steel. Tenth Thousand, revised. With an Appen- 
dix on the Theory and Apphcation of Colors. Svo, cloth. . $4.00 

— Geometrical Drawing. Abridged from the octavo 
edition, for the use of schools. Illustrated with 4S steel plates. 
Ninth Edition. 12rao, doth $2.00 
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MODERN METEOROLOGY, 

delivered under tlie ai 
1S70. lUuBtratcd. l^i 



A Series of Six Lectuies, 

*if the Meteorological Soiaety is 



UOORE, £. C. S. New Tables for the Complete Solu- 
tion of Ganguillet and Kutter's Formula (or the flow of liqmds in 
open F I tunnels, pi pee, sewers and conduits. Id Iwo parts. Fart 1, 
arranged for lOSO indLnations from 1 over 1 to 1 over 21,120 for 
' fifteen different values of (a). Part II. for use with all other 
values of (n). With large folding diagram. 8vo. tloth, iliiu- 
trated ne(,$5 1X1 

MOREING, C. A., and NEAL, T. New General and Mining 

Telegraph Code. 876 pages, alphabetically arranged. For the 
use of mining companies, mining engineers, stock brokers, financiEl 
agents, and trust and finance companies. Eighth Edition. Svo, 
cloth 15. on 

HOSES, A. J., and PARSONS, C. L. Elements of IGner- 

alogy. Crystallography and Blowpipe .\nah'8is from a Practieal 
Standpoint. Second Tho-uaand. Svo, cloth, 336 illus.. im(,(2.00 

MOSES, A. J. The Characters of Crystals. An lutro- 

durtion to Physical Cryatallogrftphy, containing 321 illtwtratiunB 
and diagrams. Svo, 211 pages n«(, 12.00 

HOSS, S. A. The Lay-out of Corliss Valve Gears. (Vui 

Nostrajid's Science Series, No. 119.) 16mo, cloth, illus BO 

MULLIN, J. P., M.E. Modern Moulding and Pattern- 
making. A Piictical Treatise upon Pattern-shop and Foundry 
Work: embracing the Moulding of Pulleys, Spur Gears, Worm 
Gears, Balance-wheels, Stationary Engine and Locomotive 
Cylinders, Globe Valves. Tool Work, Mining Machinery, Screw 
Propellers, Pattern-shop Mac-hinery, and tlie latest improve- 
y iDent« in English and American Cupolas; together with a large 
',. oolleetion of ori^nal and carefully selected Rules and Tables 
7forevery-day USB m the Drawing Office, Pattern-shop and Fouudiy. 
12mo, doth, illustrated t2,50 

MUNRO, J., C.E., and JAMIESON, A., C.E. A Pocket- 
book of Electrical Rules and Tables for the use of Electricians 
and Engineers. Fi/teenth Edition, revised and enlargtd. Witfl 
IS diagrams. Pocket size. Leather S2. 50 

MURPHY, J. G., M.E. Practical Mining. A Field Manuil 

for Mining Engineers. WitJi Hinfs for Investors in Mining 
. Properties. 16mo, morocco tucks Jl ,00 
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,QD£T, A. Legal Chemistry. A Guide to the Detection 

of PoiaonB, FalMfication of Writings, AduJteration ot Aiimentary 
and Pharmaceutical SuhstaJiceB. Analvaia of Ashes, and Exami- 
nation of Hair, Coins, Arms and Stains, as applied to Chemical 
Jurisprudence, for the use of Chemists , Pliysicians, Lawyers, 
Pharmacists and Experts. Translated, with additions, including 
a list of books and memoirs on Toxicology, etc., from the French, 
by J- P. BattershaU, Ph.D., with a Preface by C. F. Chandler, 
I*h.D.. H.D., LL.D. 12mo. cloth S2,00 

rASMITH, J. The Student's Cotton Spinning. Third 
Edition, revised aiui enlarged. 8vo, cloth, 622 pages, 250 illus- 
trations. . . .". S3 , 110 

tEUBURGER, H., and NOALHAT, H. Technology of 

Petroleum. The Oil Field* of the World: their Hiat^^rv, Geog- 
raphy and GeoloEy. Annual Production. Prospect.ion and Develop- 
ment; Oil-well Drilling: Transportation of Petroleum by Land 
and Sea. Storage of Petroleum. With 153 illustrations and 25 
plates. TraWated from the French, by John Geddes Mcintosh. 
Svo, cloth, illustrated net. 810.00 

FEWALL, J, W. Plain Practical Directions for Drawing, 

Siring and Cutting Bevel-eeara, showing how the Teeth may 
be cut in a Plain Milling Machine or Gear Cutter so as to give 
them a correct shap? from end to end; and showing how to get 
out all particulars for the Workshop without making any Draw- 
ings. Including a Full Set of Tables ot Reference. Folding 
plates. Svo, cloth 81.50 

lEWLAiroS, J. The Carpenters' and Joiners' Assistant: 

being a Comprehensive Treatise on the Selection, Preparation 
and Strength of Materials, and the Mechanical Principles of 
Framing, with their application in Carpentry, Joinery and 
Hand-railing; also, a Complete Treatise on Sines; and an Dlua- 
trated Glossary of Terms used in Architecture and Building. 
Illustrated. Folio, half morocco $15.00 

UPHER, F. E., A.M. Theory of Magnetic Measiu-ements, 
with an Appendix on the Method of Least Squares. 12mo, 
doth $1.00 

fUGEITT, E. Treatise on Optics; or. Light and Sight 
Theoretically and Practically Treated, with the Application to 
Fine Art and Industrial Pursuits. With 103 illustrations. 12nio, 
doth $1 . 50 

>*COHNOR, H. the Gas Engineer's Pocket-book. Com- 
prising Tables, Notes and Memoranda relating to the Manu- 
facture, Distribution and Use of Coal-gas and the Conatructicm 
of Gas-works. Second Edition, revised, 12ino, full leather, gilt 
edges $3,50 
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J. C, Prof. Text-book of Quantitative Chemica.' 
Aiial3^i? by Gravimetric, Electrolytic, Volumetric aud Gasometric 
Methods. With Seventy-two Laboratory Exercises eiring tlie 
Analyais of Pure Salta, Alloys, Minerals and Technical Producta. 
With numerous figures aud diagrams. Svo. cloth.. nel.HM 

OSBORK, F. C. Tables of Moments of Inertia, and Squares ) 

of Rulii of Gyration; supplemented by olhera on the Ultinuilf 
and S ife Strength of Wrouglit-iron Columns, Safe Strength of 
Timber Beams, and Constants for readily obtaining the Bhearii^ 
Stresses, Reactions and 'Bending Moments iu Swing Bridges. 
12mo, leather. J3.00 

OSTERBERG, M. S/nopsis of Current Electrical Litera- 
ture, compiled from Teelmica! .louniiils and Magazines during 
1S95, Svo, cloth. Jl m 

OUDITT, M. A. Standard Polyphase Apparatus and Systems. 
With many diagrams and figures. Third Edition, thoroughlfi 
Tensed. Fully UUistrated. . (3 .00 



PALAZ, A, Sc.D. 

with special appli 



A Treatise on Industrial Photometry, 

.tion to Electric Lighting. Authorised tmm- 
lation from the French by George W. Patterson, Jr. Stcond 
Edition, reitiied. Svo, cloth, illustrated $4,00 

PARR, G. D. A. Electrical Engineering Measuring Instni- 

menta, for Cotmnercial and Laboratory Purposes. With 370 
diagrams and engravings. Svo, cloth, illustrated net, tS.fiO 

PARRY, E, J., B.Sc. The Chemistiy of Essential OOl 

and Artificial Perfumes. Being aa attempt to group tosetlita' 
the more iniportant of the published facts connectea witn tfat 
subject; also giving an outline of the principles involved ia the 
preparation and analysis of Essential CSila. With sumerous dia- 
grams and tables. Svo, cloth, illustrated nU, $6.00 

and COSTE, J. H. Chemistry of Pigments, mto 

tables and figures. Svo, cloth net. J4.50 

PARRY, L. A., M.D. The Risks and Dangers f Various 

Occupations and tiieir Prevention. A book that should be in 
the hands of maniifacturera, the medical profession, sanitaif 
inspectors, medical oflicera of health, managers of works, foremen 
and workmen. Svo, cloth net. S3. 00 

PARSHALL, H. P., and HOBART, H. M. A mature 

Windings of Electric Machines. Witli 140 full-page pbtcs, 66 
tables and 165 pages of descriptive letter-press. 4tci, cloth.. S7.60 
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Marshall, H. F., and parry, E. Electrical Equipment 
of Tramways In Press 

8M0RE, A. C. Handbook of Technical Terms used 

in Architecture and Building, and their Allied Trades and Sub- 
jects. 8vo, cloth nei, 83.50 

^ATERSON, D., F.C.S. The Colo- Printing of Carpet 

Yarns. A useful manual tor color chemists and textile printers. 
With numerous Ulustrationa, 8vo, doth, illustrated net, S3. 50 

Color Uatctiing on Textiles. A Manual intended for 

the use of Dyers, Calico Prinl*rs and Textile Color Chemists. 
Containing colored frontispiece and 9 illustrations, and 14 dyed 
patterns in appendix. 8vo, cloth, illustrated net, J3.00 

The Science of Color Sfizing. A Manual intended 

for the use of Dyers, Calico Printers, and Color Chemists. With 
figures, tables, and colored plate. 8vo, cloth, illustrated, net, S3 . 00 

PATTEN, J. A Plan for Increasing th; Humidity of 

the Arid Region and the Utilization ot Some of the Great Rivera 
of the United States for Power and other Purposes. A paper 
communicated to the National Irrigation Congress, Ogden, tJtah, 
Sept. 12, 1903. 4to, pamphlet, 20 pages, with 7 maps 81.00 

PAULDHTG, C. P. Practical Laws and Data on the Con- 
densation of Steam in Covered and Bare Pipes; to which is added 
a translation of P^clet's "Theory and Experiments on the Trans- 
missioD of Heat Through Insulating Materials." 8vo, cloth, 
illustrated, 102 pa^s net, S2.00 

PEIRCE, B. Systei 
cloth 

PERRINE, F. A. C, A.M., D.Sc. Conductors for Elec- 
trical Distribution: their Manufacture and Materials, the Calcu- 
lation of Circuits, Pole Line ConstmctioD, Underground Working 
and other Uses. With numerous diagrams and engravings. Svo, 

cloth, illustrated, 257 pages Tiel. $3 . 50 

Postage . 25 

PERRY, J, AppUed Mechanics. A Treatise for the use 

of students who have time to work experimental, numerical and 
graphical exercises illustrating the subject. Svo, cloth, 650 
Jteges ne(, 82 . 50 
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PHILLIPS, J. Engmeerlng Chemistry. A Practical 

Treatise for tlie use of Analytical Chemiats, Engineers. Iron 
Masters, Iroo Founders, students and others. CompriMng methods 
of Analysis and Valuation of the principal materiala used in 
Engineering works, with numerous Analyses, Examples, and 
Suggestions. Illustrated. Third Edtiion, reiriaed and ertlarged. 
8vo, cloth S4.30 

Gold Assaying. A Practical Handbook giving the 

Modus Operandi foe the Aerurate Assay of Auriferous Ores nid 
Bullion, and the Chemical Tests required in the Processes of 
Extraction by Amalgamation. Cyanidation and Chlori nation. 
With an appendix of tallies and statistics and numerous diflgraniB 
and engravings. Bvo, cloth, illustrated n*(, i2.S0 

PICKWORTH, C. N, The Indicator Handbook. A Prac- 
tical Manual for Engineers. Part I. The Indicator: its Con- 
struction and Application. 81 illustrations. 12mo, cloth... II .JO 

The Indicator Handbook. Part 11. The Indicator 

Diagram; its Analysis and Calculation. With tables and figures. 
12mo, cloth, illustnaed ■ Jl.SO 

Logarithms for Beginners. 8vo, boards 50 

The Slide Rule. A Practical Manual of Instruction for 

all Users of the Modern Type of Slide Rule, containing Sucriuct 
Explanation of the Principle of Slide-mle Computation, together 
with Numerous Rules and Practical Illustrations, exhibiting the 
Application of the Instrument to the Every-day Work of the 
Engineer — Civil, Mechanical and Electrical. Seventh Edition. 
12mo, flexible cloth $1.00 

Plane Table, The. Its Uses in Topographical Surrey- 

ing. From the Papers of the United Sta.tes Coast Survey. 

Illustrated. 8vo, cloth $2.60 

"This work gives a description of the Plane Table employed at 
the United States Coast Sur\-ey office, and the maimer of using it." 

PLAHTE, G. The Storage of Electrical Energy, a-d 

Researches in the Elffects created by Currents, combining Quan- 
tity with High Tension, Translated from the French b}' Paul 
B. Elwell. >s9 illustrations. Svo, cloth $4.00 

PLATTNER'S Manual of Qualitative and Quantitative 

Analysis with the Blow-pipe. Eighth Edition, Tcviged, Translaled 
by Henry B. ComwaU, E.M., Ph.D., assisted by John H. Caswell. 
A.M. From the sixth German edition, by Prof. Friederich Kol- 
beck. With 87 woodcuts. 463 pages. Svo, cloth. . . net, $4.00 
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PLYMPTON, GEO. W., Prof. The Aneroid Barometer: 

its Construction and Use. Compiled from several sources. 
Eighth Edition, revisfd and eTtlarged. 16ino, boards, illua- 

tt»t«d 80 . 50 

Morocco ! . 00 

POCKET LOGARITHMS, to Four Places of Decimals, 

including Logarithma of Numbers, and Logaritbmie Sines and 
Tangents to Single Minutes. To which is added a Table of 
Natural Sines, Tangents and Co-tangents. 16nio, boards 50 

POPE F. L. Modem Practice of the Electric Telegraph. 

A Technical Handbook for Electricians, Managers and Operators. 
Fi/teentk Edition, rewritten and enlarged, and fully illustrated. 8vo, 
cloth $1 , 50 

POPPLEWELL, W. C. Elementary Treatise on Heat and 

Heat Engines. Specially adapted tor engineers and students of 
engineering. 12mo, cloth, illustnited S3 ,00 

— Prevention of Smoke, combined "with the Economical 

Combustion of Fuel. With diagrams, figures and tables. 8vo, 
clolh. illustrated nel,$3.50 

POWXES, H. H. P. Steam Boilers In Press. 

Practical Compounding of Oils, Tallow and Grease, for 

Lubrication, etc. By an Expert Oil Refiner. Svo, cloth, net. S3 . 50 

Practical Iron Founding. By the Author of " Pattern 

Making," etc, lUuatratcd with over 100 engravings. Third 
Edition. 12mo, cloth *J.50 

MlAY, T., Jr. Twenty Years with the lodicatdr: being 

a Practical Test-book for the Engineer or the Student, with no 
complex Formula?. Illustrated. Svo, doth 82 50 

— Steam Tables and Engine Constant. Compiled from 

Iti^rnault, Raiikine and DLvon directly, making use of the 
exact records. Svo, cloth S2 00 

PREECE, W. H. Electric Lamps In I 

— and STTJBBS, A. T. Manual of Telephony. 

trations and plates. 12mo, cloth 84.50 

PRELMI, C, C.E. Tunneling. A Practical Treatise con- 
taining 149 Working Drawings and Figures. With additions 
by Charles S. Hill. C.E., Associate Editor " Engineering News." 
311 pages. Second Edition, re\-ised. Svo, cloth, illus 83,00 
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PRELINI, C, C.E. Earth and Rock Excavation. A Manual 

for Engineera, Contractors nnd Engineering Students, t 
cloth, illuatrated. About 350 pagea In Pr 
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PREMIER CODE. (See Hawke, Wm. H.) 

PRESCOTT, A. B., Prof. Organic Analysis. A Msl™ -^ 

of the Descriptive and Analytical Chemistry of certain Carbon " 
Compounds in Coiamon Use; a Guide in the Qualitative and 
Quantitative Analyaia of OrKanic Materials in Commercial and 
Pharmaceutical Assays, in tne estimation of Impurities under 
Authorized Standards, and in Forensic Examinations for Paisau, 
with Directions for Elementary Organic Analysis. Fifth E" 
Han. Kvo, cloth (6,00 

— — Outlines of Proximate Organic Analysis, for the 

Identification, Separation and Quantitative Determination of 
the more commonly occurring Organic Compounds. Fma^ 
Ed-iiion. 12mo, cloth il .75 

and SULLIVAN, E. C. (University of Michigan). Erst 



and JOHNSON, 0. C. Qualitative Chemical Analysis. 

A Guide in the Practical Study of Chemistry and in the Work of 
Analysis. Fifth revieed and erdarged edition, ettttrely TPU,Tilltn. 
With Descriptive Chemistry extended throughout tiet, 13.50 

PRITCHARD, 0. G. The Manufacture of Electric-light 

Cari)(!_ns. Illustrated, 8vo, paper 60 

PULLEW, W. W. F. AppUcation of Graphic Methods 

to the Deagn of Structures. Specially prepared tor the use of 
Enrineers. A Treatment by Graiihic Methods of the Forces 
and Principles necessary for consideration in the Design of En- 
gineering Strucures, Roofs, Bridges, Trvsses, Framed Structure, 
Wells, Dams, Chimneys, and Masonry Structures, 12ino, cloth, 
profusely illustrated n«l, $2,50 

PULSIFER, W. H. Notes for a History of Lead. 8vo, 

cloth, gilt top. J4 .00 

PUTSCH, A. Gas and Coal-dust Firing. A Critical Review 

of the Various Appliances Patented in Germany tor this purpose 
since ISSS. With diagrams and figures. Translated from the 
German by Chaties Salter. Svo, cloth, illustrated ftef,S3.00 
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I PYHCHON, T R., Prof. In'.roduction to Chemical Physics, 

designed for the use of Acadeciict, i -.Utges and High Schools. 
IUustral«(l with numerotis eDgruviiii:~, uiid cuntahiing copious 
experimHits, with directions fur pn]i:niiin them. Nav Edition, 
rei-iaed and enlarged, and illustnilwl Ly ^u'J wood engravings. Kvo, 
cloth $3.00 

[ RADFORD, C. S., Li ut. Handb ok en Naval Gunnery. 
Prepared by Authority of the Navy Department. For the uee 
of fl. 8. Navy, U. S. Marine Corps, ana U. 8. Naval Reserves. 



Revised and enlarged, with tlie aBBistanee of Stokely Morgan, 
Lieut. [J. 8. N. Third Edition, reeiied and enlarged. 12raO| 
flexible leather S2 . 00 

ER, G. W. Treatment of Septic Sewage [Van 
KoalraTuTii Scienrc Series, No. llS], l(inio, cloth 50 

-Tables for Sewerage and Hydraulic Engineers. In Press, 

—^ and BAKER, M. N. Sewage Disposal in the United 

Slat«a. Illustrations and folding plates. Third Edition. ,S\'o, 
clotli 86.00 

KAH, G. S. The Incandescent Lamp and its Manufac- 
ture, Svo, cloth. . . $3 . 00 

RAMP, H. M, Foundry Practice In Press. 

RAHDALL, J. E. A Practical Treatise on the Incan- 
descent Lamp. 16mo, cloth, illustraied 50 

RANDALL, P. M. Quartz Operator's Handbook. New 

Edilion. redeed and enlarged, Jully illimtraled. 12mo, cloth, 82.00 

RAin[>AU, p. Enamels and Enamelling. An introduction 

to the preparation and Application of all kinds of enamels for 
technical and artistic pur^wses. For enamel-makers, workers 
in gold and silver, and manufacturers of objects of art. Third 
Qtrman Edition. Trunslat^d by Charles Salter. With figures, 
^agrams and tables. 8vo, cloth, illustrated net, S4.00 

RAKKINE, W. J. M. Applied Mechanics. Comprising 

the Principles of Statics and Cinematics, and Theory of Struc- 
tures, Mechanism, and Machines. With numerous diagrams. 
Seventeenth EdUion, thoroughly revised by W. J. Millar. Svo, 

doth $5.00 

Civil Engineering, Comprising Engineering Sur- 
veys, Elarthwork, Foundations, Masonry, Carpentry, Metal- 
wotk. Roads, Railways. Canals, Rivers. Water-works," Harbors, 
etc. With numerous tables and illustrations. Twenly-Jiret 
Edition, thoroughly revised by W. J. Millar. Svo, cloth. ... $&.50 
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RAI7KINE W. J. U. Uachinery and MUlwork. C(nn- 1 

S rising the Geometry, Motions, Work, Strenglli, ConstnictioD, and ] 
bjects of Machines, etc. Illustrated with ueurly 300 woodcula, 
S'.i'cnih Edition, thorouglih' revised by W. J. Millar. 
cloth S 

The Steam-engine and Otber Prime Hovets, 'With 

diagram of the Mechanical Properties of Steam. Folding plaUs. 
niuueroua tables and illustrations. Fifteenth Edition, thor- 
oughly revised by W. J. Millar. 8vo, cloth $5.00 

TJseftil Rules and Tables for Engineers and Othen. 

With AppendLx, Tables, Tests and Formula' for the use of Elec- 
trical wntineiere. Comprising Submarine Electrical Engineering, 
Blectric Lighting and Transmission of Power. By AndKW 
Jamieson, C.E., F.R.S.E. Seventh Edition, thorougUy revieed 
by W.J. Millar. Svo, cloth $4.00 

and BAMBER, E. F., C.E. A Mechanical Text-book. 

WLih numerous illustrationB. Fifth Edition. Svo, doth. , $3.50 

RAPHAEL, F. C. Localization of Faults in Electiic 

Li^ht and Power Mains, with chapters on Insulation Testing 
With figures and diagrams. Second Edition, revised, bvo 
cloth, illustrated ne/, S3.00< 

RAYMOITD, E. B. Alteraating-ciuTent Engineering Prac- 
tically Treated. With numerous diagrams and figures. 12mo, 
cloth Tiel, $2.50 

RAYMER, H. Silk Throwing and Waste Silk Spinning. 

With numerous diagrams and figures. Svo, cloth, illustraled, 

net, S3 . 50 

RECIPES for the Color, Paint, Varnish, Oil, Soap and 

Drysaltery Trades. Compiled by an Analytical Chemist. Svo, 
cloth $3 . 50 

RECIPES FOR FLINT GLASS MAXING. Being Leaves 

form the mixing-book of several experts in the Flint Glass Trade. 
Containing up-to-date recipes and valuable information as to 
Crystal, Demi-crystal, and Colored Glass in its many varieties. 
It contains the recipes for cheap metal suit-ed to pressing, blowing, 
etc., as well as the most costly Crystal and Ruby. British manu- 
facturers have kept up the qiiility of this glass from the arrival of 
the Venetians to Hungry Hill, Stouri:>ridge, up to the present 
time. The book also contains remarks as to the result of the 
metal as it left the pots by the respective metal mixerB, taken 
from their own memoranda upon tlie originals. Compiled by 
a British Glass Master and Mixer. 12mo, cloth nef, $4.00 
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SEED'S ENGINEERS' HANDBOOK, to the Local Marine 
Board ExaminationB for Certificates of Competency as First and 
SecoDd Claas Engineers. By W. H. Thoni. Witti the anawere 
to the Elementary Questions. Illustrated by 3511 diagratna 
and 37 large plates. Sevenlecnth Edition, rejiised aiid enlarged. 
8vo. cloth S5 00 

Key to the Seventeenth Edition of Reed's Engineer's 

Handbook to the Board of Trade Examination for First and 
Second Class Engineers and containing the workings of all the 
questions given in the examination papers. By W. H. Thorn. 
8vo, cloth $3.00 

Useful Hints to Sea-going Engineers, and How to 

Repair and Avoid ''Breakdowns"; also Appendices containing 
BoUer Explosio:is, Useful Formulie, etc. With 42 diagranw 
and 8 plates. Third Edition, rei>ised and enlarged. 12mo, 
cloth $1 . 50 

Marine Boilers. A Treatise on the Causes and Pre- 
vention of their Priming, with Remarks on their General Manage- 
ment. 12mO| cloth, illustrated $2.00 

HEINHARDT, C. W. Lettering for Draftsmen, Engineers, 

and Students. ,\ Practical System of Free-hand Lettering for 
Working Drawings. Reinsed and enlarged edilion, Thirleenih 
ifcousond. Oblong, boards $1.00 

Xbe Technlc of Mechanical Drafting. A Practical 

ido to neat, correct and legible drawing, containing many illus- 
ttioos, diagrams and fiUl-page plates. 4to, cloth, illus, . . 81.00 

L, F. Hardening and Tempering of Steel, in Theory 

Practice. Translated from the German of tlie third and 

■ged edition, by Arthur Morris and Herbert Robson. Svo, 

ith, 120 pages 82,50 

SEISER, N. Faults in the Manufacture of Woolen Goods, 

and their Prevention. Translated from the second Oerman 
edition, by Arthur Morris and Herbert Robson. Svo. cloth, 
illiistrated net. $2 . 50 

Spinning and Weaving Calculations with special 

reference to Woolen Fabrics. Translated from the German by 
Chas. Salter Svo, cloth, illustrated net, 85,00 

RICE, J. M., and JOHNSON, W. W. On a New Method 

of Obtaining the Differential of Functions, with es|>ecial refer- 
ence to the Newtonian Conception of Rates or Velocities. 12mo, 
paper 60 
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RIDEAL, S., D.Sc. Glue and Glue Testing, with figures 

ami Ublea. Svo, doth, illustrated ntt, J4.0) 

RUTGWALT, J. L. Development of Transportaticn Sys- I 
tems in the Uuited Stales, eomprising a Comprehensive Deecrip- '■* 
tion of the leading features of advaiieempnt from the colonial " 
era to the present time, in water channels, roads, turnpikts, 
canals, railways, vessels, vehicles, cara, and locomotives; tin 
cost of transportation at vajious periods aiid places by the diSer- 
ent methods; the financial, engineering, mechanical, gOTin- 
mental and popular questions that liave arisCTi, and notablo 
incidents in railway history, construction and operation. With 
illustrations of hundreda of typical objects. Quarto, halt mo- 



S7.5 



RIPPER, W. A Course of Instruction in Machine Drawing j 

and Design for Tecliiiical Si'hools and Engineer Students. Witt . 
52 plates and numerous explanatory engravings. Folio, clotii, Lr 



ROBERTSON, L. S. Water-tube Boilers. Based on a I 

short course of Lectures delivered at University College, London, 



ROEBLIHG, J. A. Long and Short Span Railway Bridges. 

Illustrated with large copper-plate engraiTiigs of plans and views. 
Imperial folio, cloth 125 00 

ROSE, J., M.E Thi Pattern-makers' Assistant. Embrac- 
ing Lathe Work, Branch Work, Core Work, Sweep Work and 
Practical Gear Constructions, the Preparation and Dae of Tools, 
together with a large collection of useful and valuable Tables. 
Ninth Edition. With 250 engravings. Svo, cloth $2.50 

Key to Engines and Engine-running. A Practical 

Treatise upon the Management of Steam-engines and Boilers for 
the use of those who desire to pass an examination to take 
charge of an engine or boiler. With numerous ill iwtrat ions, 
and Instructions "upon Engineers' Calculations, Indicators. 
Diagrams, Engine Adjustments and other Valuable Infomiation 
necessary for Eugineers and Firemen. 12mo, cloth. Illus. . S2.50 

ROWAl?, F. J. The Practical Physics of the Modem 
Steam-boiler, With an Introduction by Prof. R. H. ThurHton. 
With numerous illustrations and diagrams. Svo, cloth, illiu- 
trnted 17.50 

R. History and Progress of the Electric Tele- 

With descriptions of some of the apparatus. Second 

"Mdxiion, with addiliotis. I2mo, cloth $1.25 
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r with Ventilation. 12mo, doth 11.00 

SALOMONS, Sir D., HA. Electric-Ught In&taUations. 

A Practical Handbook. Eighth Edition, revised and enlarged, 
mlh nunmroui iUustralions. Vol. 1., The Management of Accu- 
mulators. 12mo, cloth SI 50 

Vol. 11.. Apparatus. 296 illuHtrationa. I2mo, cloth $2,25 

Vol. III., Applications. 12iiio, cloth jl . 50 

SAKFORD, P. G. Nitro-explosiveB. A Practical Treatise 

concerning the Properties, Manufacture and Analyaia of Nitratec^ 
Substances, including tlio Fulrainatea, Smokeless Powders anil 
Celluloid. 8vo. clotli, 270 pages 83 , 00 

SAUITDERS, C. H. Handbook of Practical Hechanics 

for use in the Shop and Draughting-room ; containing Tables. 
Rules and Formula-, and Solutions of Practical ProbleraB by 
Simple and Quick Methods. 16mo, limp doth $1 . 00 

SAUNNIER, C. Watchmaker's Han. book. A Workshop 

Compnriion for those engaged in Watclmiaking and allied Mechaii- 
ical Arts. Translated by J. Tripplin and E. Rigg. Second Edi- 
tion, revised, wilh appendix, 12mo, cloth. 83 . 50 

8CHELLEN, H., Dr. Magneto-electric and Dynamo- 
electric Machines; their Construction and Practical Application 
to Electric Lighting, and tlie Transmission of Power. Trans- 
lated from the (Aim German edition by N. S. Keith and Percy 
Neymann, Ph.D. With very large additions and notes relating 
to American Machines, by In. 3. Keilh. Vol. 1, with 353 illus- 
trationa. Second Edition. 8vo, cloth 85,00 

iCHUMANN, F. A Manual of Heating and Ventilation 

in its Practical Application, for the uae of Eogineera and Archi- 
tects. Embracing a Series of Tables and Formmie for Dimensions 
of Heating, Flow and Return Pipes for Steam and Hot-water 
Boilers, Flues, etc. 12mo, illustrated, full roan 81-50 

CHMALL, C. N., and SHACK, S. H. Elements of Plane 

Geometry. An Elenientary Treatise. With many examples 



, illustrated net, Jl . 25 

(Follows end of 
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J. U. Engineers' and Median^* 

pan ion. Con>priaujg United State* Weiehts and Measure 
Mensuration of Superficea and Solids. Tables of Squares an 
CubftS, Square and Cube Roote, Qrcumference and Aieas c 
Circles, the Meehanicjil Powers. Centres of Gravity. Gravitatia 
of Bo^Ues, Pendulums. Specific Gravity of Bo(£ee. Strengtb 
Weight and Crush of Materials, Water-wheels. Hfdmetatia 
Hydraulios. Statics. Centres of Percussion and CWration, Frictioi 
Heat. Tables of the Weight of Metals, SciantluiK, etc., Stean 
and Steam-engine. Tipfnty-firnl Edition, revised. I6r». fa! 
morocco t\.» 

SEATON, A. E. A Uanual of Marine Engineering. Com' 

Siaing the Designing, Construction and Working of Marim 
achuiery. With numerous tables and iilustratioos reduced fnn 
Working Drawings. IMh Edition, revised throughout, wiUi u 
additional chapter on Water-tube Boilera. Svo. cloth IS. 01 

and ROUHTHWAITE, H. M. A Pocketbook ffl 

Marine En^neering Rules and Tables. For the use of Muirn 
Engineer and Naval Architects, Desi^ers. Drau^tonai 
Superintendents and all engaged in the design and construdiai 
of Marine Machinery, Naval and Mercantile. SerrnSh Edilim 
revised and enlargeii, Pocketsize. Leather, with diagrams, S3.0 

SEELIGMAira, T., TORRILHON, G. L., and FAlCOIfllEI 

H. India Rubber and Gutta Percha. A complete practio 
treatise on India Rubber and Gutta Percha, in tnmr histories 
botanical, arbori cultural, mechanical, chemical and electric 
aapixts. Translated from the French, by John Geddes Mclntoal 
Svo, cloth, illustrated, 412 pages ml, SI.'. 

SEVER, G. F., Prof. Electrical Engineering Exper 
ments and Tests on Direct-current Machinery. With dia^rat 
and figures. Svo pamphlet, illustrated net. SI I 

and TOWITSEKD, F, Laboratory and Factory Tes 

in Electrical Engineering. Svo, cloth, illustrated, about 2; 
pages In Pra 

SEWALL, C. H. Wireless Telegraphy. With diagran 
and engravings. Second Edition, cnrrtcled. Svo, doth, iUt 
trated net, te.i 

lessons in Telegraphy, For use as a tezt-boc 

in schools and colleges, or for individual students, niustratc 
12mo, doth »1J 

SEWELL, T. Elements of Electrical Ei^neering. 
First Year's Course for Students. Second Edilion. reriaed, wii 
additional chapters on Alternating-current Working and A 
pendix of Questions andAnswere. With many dia^ajns,tab| 
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A. H. Fuel and Refractory Materials. 8vo, 



— Chemistry of the Materials of Engineering. A Hand- 
book for EnginMring Students. With tuMes, diagrams and 
illuBtratioDB. 12mo, cloth, illuatrated 82 , 50 



liography. With figures and 

ated. net, S2 . 50 



SHAW, S. The History of the Staffordshire Potteries, and 

the Rise and Progreaa of the Manufacture of Pottery and Por- 
celain; with references to genuine specimens, and notices of 
eminent potters. A re-issue of the original work published in 
1829. 8vo, cloth, illustrated net. S3 . 00 

— Chemistry of the Several Natural and Artificial 

Heterogeneous Compounds used in Manufacturing Porcelain, 
Glass and Pottery. Re-issued in its original form, published in 
1837. 8vo, cloth nei, S5,00 

8HAW, WM. J., Lieut.-Col. Studies in Map Reading 

and Field Sketching. An aid to passing outdoor examinations in 
tbeee subjects. Illustrated with 15 folding pla,tes. I2mo, cloth, 
iUuatrated, 148 pages net, S2.50 

- — Tactical Operations for Field Officers: being Up-to- 
date schemes worked out on training grounds at home stations. 
With folding plates and maps, 12nio, cloth, illustrated, 321. 
pages , S3. 00 

SHELDON, S., Ph.D., and MASON, H,. B.S. Dynamo- 
electric Machinery: its Construction, Design and Operation. 
' " ' ' Fourth Editiim, revised. 8vo, cioth, 



— Alternating- current Machines: being the second i 

volume of the author's "Dynamo-electric Machinery : itsConatruo- 
tion, Design and Operation." With many dia^ams and figures. 
{Binding uniform with volume I.) Third Edition, 8vo, cioth, 
illuatrated ne(, S2 , 50 

SHERRIFF, F. F. Oil Merchants' Manual, and Oil Trade 

Ready Reckoner. With two sheets of tables. Sectmd Edition, 
reuwed and enlarged. 8vo, cloth net, S3. 50 

SHIELDS, J. E. Notes on Engineering Construction. 

Embracing Discussions of the Principles involved, and Descrip- 
tions of the Material employed in Tunneling, Bridging, Canal and 
Road Bmlding, eta 12mo, cloth 81.60 
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SHOCK, W. H. Steam Boilers: their Design, Construc- 
tion and Manafifiment. 4to, half moroc«o $15.00 



SHREVE, S. H. A Treatise on the Strength of Bridges , 
and Roofs. ComprisiTig the determination of algebraic tormulas 
tor atraiiiH in Horiaonlal, IncLned or Rafter, Triangular, Bow, 
string. Lenticular and other Trusses, from fixed iind moving load»^ 
with practical applications and examples, for the use of Studenta 
and Engineers. 87 woodeut illustrations. Fourth Edition. 8vo, 
cloth. J3,50 

SHUHK, W. F. The Field Engineer, A Handy Book 

of practice in the Survey, Location and Truck-work ot Railroads. 
containing a large collection ot Rulea and Tables, origioal and 
selected, applicable to both the Standard and Narrow Gauge, 
and preparai with special reference to the wants of the young 
EneineRf. Sixleenth E/liliim, re/'ised and enlarged. 'Wita 
addenda. 12mo, morocco, tucks 82.50 



SIMMS, F. W. A Treatise on the Principles and Practice 

of Leveling. Sbowiag its application to purposes of Railway i. 
Engineering, and the Construction of Roads, etc. Revised and ' 
corrected, with the addition of Mr, Laws' Practical Example for 
setting out Railway Curves. Uluatrated, 8vo, cloth C50 

Practical Tunneling. Fourth Edition, Revised and 

greatly extended. With additional chapters illustrating recent 
practice by D. Kinnear Clark. With 3C plates and other illustra- 
tions. Imperial 8vo, eloth , , . 812,00 

SIMPSON, G. The Naval Constructor. A Vade Mecum 

of Ship Deai^, for Students, Naval Architects, Ship Builders and 
Owners. Marine Superintendents, Enpneers and Draughtsmen. 
12mo, morocco, illustrated, 500 pages 85.00 



SLATER, J. W. Sewage Treatment, Purification and 

Utilization. A Practical Manual for the Use of Corporations. 
Local Boards, Medical Officers of Health, Inspectors of Nuis 
Chemists, Manufacturers, Riparian Owners, Engineers and 
payers. 12mo, cloth 

SMITH, I. W., C.E The Theory of Deflections and 

Latitudes and Departures. With special applications to Curvi- 
linear Surveys, for Alignments of Railway Tracks. Illustrated. 
16mo, morocco, tucks, $3.00 

SMITH, J. C. Maiufac^ure of Paint. A Practical Hand- 
book for Paint Manufacturers, Merchants aii'i Painters With 
60 illustrations and one lurgc U Lucrum. 8 vo, cloth ncl,S3.(K) 
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, A T. Electric Motive Power: Tbe TransmisEion 

and Distribution of Electric Power by Continuous and Alternate 
Currents. With a Section on the Applications of Electricity to 
Mining Work. Second Edition. 8 vo, cloth, illustrated S4.00 

lOXHLET, D. H Art of Dyeing ami Staining Uarble, 

Artificial Stone, Bone, Horn, Ivory and Wood, and of imitating 
all sorts of Wood. A practical Handbook for the use of Joiners, 
Tumere, Manufacturers of Fanej- Goods, Stick and Umbrella 
Makers, Comb Makers, etc. Translated from the German by 
Arthur Morris and Herbert Robaon, B.Sc. 8vo, cloth, 170 
pages net, $2 . 50 

iPANG, H. W A Practical Treatise on Lightning Pro- 
tection. With figures and diagrams. 12mo, cloth SI .00 

SPEYERS, C. L. Text-book of Physical Chemistry. 

Svo, cloth 12 , 25 

jTAHL, A. W., and WOODS, A. T. Elementary Mechan- 
ism. A Text-book for Students of Mechanical Engineering. 
TItirteenlh Editim, enlarged. 12mo, cloth 83,00 

STALEY, C, and PIERSON, G. S. The Separate System 

of Sewerage: its Theory and Construction. Third Editinn, 
revined ajid enlarged. With chapter on Sewage Disposal. With 
maps, plates and Ulustrations. Svo, cloth $3. 00 

iTANDAGE H. C. Leatherworlters* Manual: being a 

Compendium of Practical Recipes and Working Formuhe for 
Cumers, Boot-makers, Leather Dressers, Blacking Manufac- 
turers, riaddlers, Fancy Leather Workers and all persons en- 
gaged in the manipulation of leather. 8vo; cloth net, 83.50 

Sealing Waxes, Wafers and Other Adhesive ". For 

the Household, Office, Workshop and Factory. Svo, cloth, M 
pages net, $2.00 

STEWART R. W. A Text-book of Light. Adapted to 

the Requirements of the Intermediate Science and Prelimiiian,- 
Scientific Examinations of the University of London, and also 
for General Use. Numerous diagrams and examples. l2ino 
cloth $1 , 00 

Text-book of Heat. Illustrated. Svo, Cloth, Si.oo 

Text-book of Magnetism and Electricity. i5o Ulus- 

Irations and numerous examples. 12mo, doth $1.00 

' Elementary Text-book of Magnetism and Electricity. 

With numerous figures and diagrams. 12mo, cloth $1.00 
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STILES, A. Tables for Field Engineers. Designed teH 

Use in the Field. Tables containing all thp Functions of a One 
Degree Curvp, from which a corresponding one can be found for 
any required Degree. Also, Tables of Natural Sinee and TanftenH. 
12nio, morocco, "tucks S2.00 



STILLMAIT, P, Steam-engine Indicator and the Improved 

Manometer St-eam and Vacuum Gauges; their XTtility and Appli- 
cation. New edition. 12mo, flexible cloth jl.OO 

STODOLA, A. Dr. The Steam Turbine. With 300 difl- 

Eftms and illustrations. Authorized translation by Dr. L. C. 
lewenatein .In Prm. 

STONE, R.. Gen'l. New Roads and Road Laws in the 

United States. 200 pages, with numerous illust rat ions. 12nio, 
cloth tl.OO 

STONEY, B. D. The Theory of Stresses in Girders and 

Similar Structures. With Observationa on the Application of 
Theory to Practice, and Tables of Strength, and other Properties 
of Materials. Neui revised editifin. with numerous additions on 
Graphic Static*, Pillars, Steel, Wind Pressure, Oscillating Stresses, 
Working Loads, Riveting, Strength and Tests of Materials. 
777 pages, 143 illus. and 5 folding-plates. 8vo, cloth $12. SO 

STUART, C. B., U.S.N. Lives and Works of Civil and 

Military Engineers of America, With 10 EtceJ-plate engravinp. 
6-vo, cloth J5.00 

The Naval Dry Docks of the United States. Illus- 
trated with 24 fine engravings on steel. Fourth Edition, 4t4ii 
cloth »6-00 1 

SUFFLING, E. R. Treatise on the Art of Glass Painting. 

Prefaced with a Review of Ancient Glass, With engravings and 
colored plates. Svo, cloth net. S3. SO 

SWEET, S. H. Special Report on Coal, Showing its Dis- 
tribution, Classification, and Costs delivered over Different Routes 
to Various Points in the State o( New York and the Principal 
Cities on the Atlantic Coast. With m.ips. Svo. cloth S3. 00 

SWOOPE, C, W. P actical Lessons in Electricity: Prin- 
ciples, Experiments and Arithmetical Problems. An Elcmenlarj 
Text-book. With numerous tables, formulie, and two large in- 
■ n plates. Svo, cloth, illustrated. Fifth EdUion. .tuLK. 00 
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AILFER, L.. Practical Treatise on the Bleaching of 

Linen and Cotton Yam and Fabrics. With tables and diagrama. 
TranHlat«d from the French by John Geddea Mcintosh. Svo, 
doth, Uluatrated nd, $5,00 

[EMPLETOH, W. The Practical Mechanic's Workshop 

Companion. Coinpriaing a ^rcat. variety ot the most useful 
rules and formula? in Mechanical Science, with numerous tables 



of practical data and calculated results fa-cilitating mechanical 
operations. Revised and enlarged by W. S. Hutton. i2mo, 
12.00 



rESLA, N. Experiments with Alternate Currents of High 
Potential and High Frequency. A Lecture delivered before the 
Institution of Electrical Engineers, London. With a portrait 
and biographical sketch of the author. With figures and dia- 
grams. 12mo, cloth, illustrated. Netr Edition In Press. 

raOM, C, and JONES, W. H. Telegraphic Connections: 

embracing Recent Methods in Quadruples Telegraphy. 20 full- 
page plates, some colored. Oblong, Svo, doth 91.60 

IHOIHAS, C. W. Paper-makers' Handbook. A Practical 

Treatise. Illuatrated In Fress- 

tBOMFSOTH, A. B. Oil Fields of Russia and the Russian 

Petroleum Industry. A Practical Handbook on the Explora- 
tion, Exploitation, and Management of Russian Oil Properties, 
indudine Notes oa the Origin of Petroleiun in Russia, a Descrip- 
tion of the Theory and Practice of Liquid Fuel, and a Translatioii 
oif the Rules and Regulations concerning Russian Oil Properties, 
With numerous illustrations and photographic platea and a map 
ot the Balakhany-Saboontehy-Romany Oil Keld. 8vo, cloth, 
illustrated net, 815,00 

^OMPSON, E. P., H.E. How to Make Inventions; 

or, Inventing as a Science and an Art. A Practical Guide for 
Inventors. Serund Edition. Svo, boards SI .00 

— Roentgen Rays and Phenomena of the Anode and 

Cathode. Principles, Applications, and Theories. For Students, 
Teachers, Physicians, Pnotoeraphers. Electricians and others. 
Asaoted bv Louis M. Pienolet, N. D. C. Hodges and Ludwig 
Gutmann, E.E. With a e]iapf«r on Generalizations, Ammients, 
Theories, Kindred Radiations and Phenonnena. By Professor 
Win. Anthony. 50 diagrams, 40 half-tones. Svo, cloth. . . 81 , 50 
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THORNLEY, T. Cotton Combing Machines. With ITu-. 

merous tables, engraviTiga Dnd diagrams, fcvo, cloth, illustrated, ■ 

343 pages net. |3.00| 

CoTitenta. — Preface; List of Illustrationa; The Silver Lap M»-j 
chine; Ribbon Lap Machine and Druw-trame; General Desnip-I 
tion of the Heilinann C!omber; The Cam Shaft; The Detsciungi 
and Attaching Mechanism of the Comber; The Duplex Comber; j 
Resetting of Combers; The Erection of a Heilmann Comlier; j 
Stop Motions; Varioua Calculations; Various Notes and Di»- j 
cuHsiona; Cotton Combing Machines of Continental Make; Indra. 

TODD, J., and WHALL, W. B. Practical Seamanship 

for Use in the Merchant Service: including all ordinarv aubjetta;, 
also Steam Seamanship, Wreck Lifting, Avoiding Colhsion. Win 
Splicing, Displacement and everything necessary to be known 
by seamen of the presetit day. Fi/th Edition, with 247 lUitf- 
trations and diagrams. 8vo, cloth jw(, 17.50 

TOOTHED GEARmG. A Practical Hand book for Officn 

and Workahops. By a Foreman Pat teni maker. 184 lUustM- 



TRATMAR, E. E. R. Railway Track and Track-woA. 

With over 200 illu.itrutions. Hvo, clolh $3.00 

TRAVERSE TABLE, Showing Latitude and Departure 

for each Quarter Degree of the Quadrant, and for Distances from 1 
to 100, to which is appended a Table of Natural Sin^s and Tim- 
gaits for each five minutes of the Quadrant. (Reprinted fnim 
Scribner's Pocket Table Book.) Van iVosirond's Science Seria. 

16mo, cloth to. 80 

Morocco 81.00 

TREVERT, E. How to BuUd Dynamo-electric Machinery, 

embracing Theory, Desiming, and Construction of Dvuamos and 
Motors. With appendices on Field Magnet and Annatufe 
Winding, Management of Dynamos and Motors, and Uaeful 
Table»ot Wire Gauges. 8vo, doth, illustrated $2.50 

Electricity and its Recent Applications. A Practical 

Treatise tor Students and Amateurs, with an Illustrated Dictionir[ 
of Electrical Terms and Plirases. 12mo, cloth. i2.al 

TUCKER, J. H., Dr. A Manual of Sugar Analysis, in- 
cluding the Applications in General of Analytical Methods to (he 
Sugar Industry. With an Introduction on the Chemistrr o( 
Cane-sugar, Dextrose, Lc\Tilose and Milk-sugar. 8vo, doth, 
illustrated WH 
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J O., Dr. Potential and it; Application to the 

' Explanation of Electric Plienomenft, Popularlv Treated. Trans- 
lated from the German by D. Robertson. 12mo, cloth, ill. $1 . 25 

nVNER, p. A. Treatis: on Roll-turning for the manu- 
facture ot Iron. Translated and adapted by John B. Pearse, of 
the Pennsylvania Steel Works, with numerous engravings, wood- 
cuts. 8vo, cloth, with folio atla« of plates SIO.OO 

roERHILL, C. R. The Electro-magnet. N w and 

rtrised edition. Svo, cloth, illustrated SI . 50 

SIQUHART, ]. W. Electric Light Fitting. Embodying 

Practical Notes on Installation Management. A Handbook for 
Working EliM:trical Engineers. With numerous illustrations. 
12mo, cloth $2.00 

' — Electro-plating. A Practical Handbook on the Depo- 
sition of Copper. Silver, Nickel, Gold. Brass, Aluminium. Plati- 
num, etc. Fourth Edition. 12mo S2,00 

' — Electrotyping. A Practical Manual Forming a New 

and Systematic Guide to the Reproductinn and Multiplication of 
Printing Surfaces, etc. 12mo 82.00 

< — Dynamo Construction. A Practical Handbook for the 

Use of Engineer ConstructoiB and Electricians in Charge, em- 
bracing Frame Work Building, Field Magnet and Aniiature 
Winding and Grouping, Compounding, etc. , with Examples of 
Leading English, American and Continental Dynamos and Motors, 
with numerous illustrations. 12mo, cloth S3. 00 



— Electric Ship Lighting. A Handbook on the Practical 

Fitting and Running of Ship's Electrical Plant. For the Use of 
Ship Owners, and Builders, Marine Electricians and Sea-going 
Engineers-in-Charge. Numerous illustrations. 12mo, cloth, 

S3 00 

nVERSAL TELEGRAPH CIPHER CODE. Arranged 

for General Correspondence. 12mo, cloth SI .00 

UT NOSTRAND'S Engineering Magazine. Complete Sets, 

1869 to 1886 inclusive. 3a vols. , in cloth 160 . 00 

'■ ■■ in half morocco $100.00 

' — Year Book of Mechanical Engineering Data, With 

many tables and diagrutns. '.First Year of issue 1905.) In Presi. 
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D. VAN S*»TttAND CMIPASY^ 
7A5 WJkGWfES, T. F. Manual of HTdnnfic K 

li^mn, datfa. . 

VnXOZr, A. H. Practical Treatise on die Lotha InOt 

With maoT tables ami UlasnaQuna Ami a oopkniB ■"■<»»■ A.' 

hbon af ViDoii'^ "Traite Praaque de I& Hineackn ifaaOl— 

dn Tmi-ail des Pauix." by Fmtk T. Adftrmaa, B.^ 9i«i 
dotli. Jlusnated. 

VTBCEHT, C 

^ttlt-sr. Svo. eloUt. iUuatmiat n^. (c <10 



TmnwhUaH bran tfae GeP- 



Chmwal Tc^natacy erf TeSife 
mtnB: tbeir L>n^a. StniLtunv PrepacMioct. Wadnne. Blsieliiiic, 
Ihpfiiii^ Prmtinic. ;uiil Dr^sem^ TmnnlHtMi fimn ttte 'Ionian 
^ f^-*— ;Mter. Witk many liUgrama and Sgnrca. .S^o, ■.■iuck. 
ahirtmiBii 3U6 pwes. ofV. tt jD 

CoNlnA.— ^Tte Textile Flbn:}: Wmiting, BUacfaiin^ and Oa* 
•- -' - " * -'a snd Mmrlantins; I^eing, Pmum^ Dnnnc 




Svo. gfn t f i> -USpi 



thtt. G«Rnan br Cfcadn dalta-. 
Sw. AmK atnBtzMad. HO pagn 

WADE. E. J. 



Wltli plates and • 



WALKER, F^ C^ Aidal Naneatiaa. A 

Handbook on the CmMraetitHi of IKn^Le BaODooa. A u i w I MI . 
Apntplanca uif AiLmwntmii. With dia^ramsw tnhfaa and iIIb- 
Cratiooa. Svo, dotb. J BWrlWi d. 131 paoea. .Mt,S30> 

WALKER, W. H. Serev Propalsiaa. Hotcs oa Socw | 
FrnpahMMi: ite Rise and HstocT-. STo.doCh , ID 71 

Electrical Engmccring in Our HonMf i 
WiAabfM A Pnetiesl Treadae <ni AimOatTr Ekctnol 

ft^dotb »* i 



WALKER, S. F. 
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WALKER, S. F. Electric Lighting for Marine Engineers, 

or How to Light a Ship by the Electric Light and How to Keep the 
Apparatus in Order. 103 illus., Svo, eloth Second Edition . .$2.00 

WALLING, B. T., Lieut. Com. U.S.N., and MARTIH, JULIUS. 

Electrical IiiatallationB of the United States Navy. With many 
diagrams and engravings. Svo. cloth, illustrated In Pre.i.?. 

WALLIS TAYLER, A. J. Modem Cycles, a Practical 

Handbook on Thei* Construction and Repair. With 300 illustra- 
tions. Svo, cloth $4.00 

— Motor Cars, or Power Carriages for Common Roads. 
With numeroua iUuatrations. 8vo, cloth SI .81) 



Bearings and Lubrication. A Handbook for Every 

user of Machinery. Fully illustrated. Svo, cloth $1 . 50 

Refrigerating and Ice-making Machinery. A Descrip- 
tive Treatise for the use of persons employing refrigerating and 
ice-making installations, and others. 8vo, cloth, illustrated. S.3.00 

— Refrigeration and Cold Storage : being a Complete 

practical treatise on the art and science of refrigeration. liOO 
pages, 361 diagrams and figures. Si-o, cloth net, $4 , 50 

Sugar Machinery, A Descriptive Treatise, devoted 

to the Machinery and Apparatus used in the Manufacture of 
Cane and Beet Sugars. 12ino, cloth, illustrated 82.00 

WAITKLYN, J. A. A Practical Treatise on the Exam- 
ination of Milk and its Derivatives, Cream, Butter and Cheese 
12mo, cloth $1 . 00 

Water Analysis. A Practical Treatise on the Exam- 
ination of Potable Water. Tenth Edition. 12mo, cloth S2 . 00 

WATTSBROtTGH, W. D. The A B C of the Differential 

Calculus. 12mo, cloth SI . 50 

WARD, J. H. Steam for the Million. A Popular Treat- 
ise on Steam, and its application to the Useful Arts, especially to 
Navigation. Svo, cloth $1 .00 

WARIHG, G. E., Jr. Sewerage and Land Drainage. 

Illustrated with woodcuts in the text, and full-page and folding 
plates. Quarto. Cloth. Third EdiHon $8.00 
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irSISBACH, J. A Manual of Theoretical Uechanics. 

yinlh American edition. Translated from the fourth augmented 
and improved German edition, with an Introdui'tion t-o the Calculus 
by Eekjey B. Coxe, A.M., Mining Engineer. 1,100 pages and 902 

woodcut illuatratioua. Svo, cloth S6 00 

Sheep (7 . 50 

Mechanics of Air Machinery. Translated with an 

appendix on American Practice by Prof. A. Trowbridge, Columbia 
Univeraity In Press. 

WESTOIV, E. B. Tables Showing Loss of Head Due to 

Friction of Water in Pipes. Second Edition. 12mo,cloth,, SI. 50 

[WEYMOUTH, F. M. Drum Armatures and Commutators. 

^ (Theory and Practice.) A complete Treatise on the Theory 
and Conetniction of Drum Winduig, and of commutators for 
doaed-coil armatures, together with a fuU rfeum^ of some of the 
prinopal pointii involved in their design, and an exposition of 
armatuie reactions and sparking. 8vo, cloth t3.00 
SELBR, J. B., Prof. Art of War. A Course of 
Instruction in the Elements of the Art and Science of Wttr, for 
the Use of the Cadets of the United States Military Academy, 
West Point, N.Y. 12mo, cloth 81.75 

h- Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United States Military 
Academy, West Point, N.Y. 12mo,cloth $1 75 

Whipple, S., C.E. An Elementary and Practical Treatise 

on Bridge Building. Svo, cloth S3 .00 

WHITE, W. H., K.C.B. A Manual of Naval Architecture, 

for use of Officers of the Royal Nai-y, Officers of the Mercantile 
Marine, Yachtsmen, Shipowners and Shipbuilders. Containing 
many figures, diagrams and tables. Thick, Svo, cloth, illus- 
trated SO. 00 

WHITELAW, J., Jr. Surveying, as Practiced by Civil 

Engineers and Surveyors; including the setting-out of work for 
construction and surveys abroad, with examjJcs taken from 
actual practice. Intended as a handboolc for Field and. Office 
use; also as a text-book for Students. With numerous tables, 
full-page plates and diagrams. 8vo, cloth, illustrated, 516 
I pages net, ti.QQ 

Wn.EINSON, H. D. Submarine Cable-laying, Repairing, 
tnd Testing. Svo, cloth S5.00 



D. VAN NOSTRAND COMPANY'S 



WILLIAMSON, R. S. On the Use of the ] 

Sun-eya and ReconnoiBsances. Part I. Meteorology in its 
nectioti with Hypaoroetry. Part II. Barometric Hypson 
With illustrative tables and eiLgra\Tug8. 4to, cloth.... t 

Practical Tables in Meteorology and Hypsometr 

connection witli tlie use of the Barometer. 4to, cloth 1 

WILSOn, G. Inorganic Chemistry, with ITew Nota 

Revised and eiJarged by H. G. Madan. Nev< edition. 1 
doth 

WILLSON, F. N. Theoretical and Practical Grap 

An Educational Course on the Theory and Practical Apriia 
of Descriptive Geometry and Mechanical Drawine. Pre 
for students in General Science, Engraving, or Archite 
Third Edition, revisfd. 4to, cloth, illustrated net, 

Note-taking, Dimensioning and Lettering. 4to, C 

illustrated nei, 

Third Angle Method of Making Working Draw 

4to, cloth, illuBtmted net, 

Some Mathematical Curves, and Their Grap 

Construction. 4to, clotli, illustrated net,. 

Practical Engineering Drawing and Third i 

Projection. 4to, clolh, illustrated nrt, i 

Shades, Shadows, and Linear Perspective. 4to, C 

illuatrated. . net, 1 

Descriptive Geometry — Pure and Applied, wH 

chapter on Higher Plane Cun-ea, and tbe Helix. 4to, 
illustrated net, i 

WINKLER, C, and LUNGE, G. Handbook of Techi 

Gas-Analysis. With ligurea and diagrams. Seeond EitgHsl 
tion. Translated from the third greatly enlarged German ed 
with some additions by Geoi^e Lunge, Ph.D. Svo, cloth, 
(rated, 190 paffes , ! 

WOODBURY, D. V. Treatise on the Various Elem 
of stability in the Well-proportioned Arch, With num 
Ubles of the ntimate and Actual Thrust. Svo, half moi 
Illustrated '■ 
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UGHT, A. C. Analysis of Oils and Allied Substances. 

I 8vo, cloth, illuatrated, 241 pages nef, $3.50 

-Simple Metliod for Testing Painters' Materials. 8vo, 
■ loth. 160 pages nci, S2.50 

^HT, T. W., Prof. (Dnion College.) Elements o" 

Bchanica; including KinematicB, Kinetics arid Statics. With ap- 
KKeatioae. Third Edition, revised and enlarged. 8vo, cloth, ,82.50 

KOOP, R. Vessels and Voyages, as Regulated by 

. sderal Statutes and Treasury Instrui'tions and Deciaions. fivo. 
loth $2 , 00 

KG, J. E. Electrical Testing for Telegraph Engineers. 

(Pith Appendices conaisting of Tables. 8vo, cloth, illus, . . S4,00 

HG SEAMAN'S MAMUAL. CompUed from Various 

Authorities, arid Illustrated with Numerous Original and Select 

wigna, for the Uae of the United Statues Training Ships and the 

■ le Schools. Svo, half roan *3 ,00 

_ , J. Textile Raw Materials, and Their Conversion 
into Yams, The study of the Raw Materials and the Technology 
of the Spinning Process, A Text-book tor Textile, Trade and 
higher Technical Schools, as also for seU-inatniction. Based upon 
the ordinary syllabus and curriculum of the Imperial and Royal 
Weaving Schools. Translated from the German by Chas. Salter. 
Svo, cloth, illustrated nef, J5,00 



Catalogue of the Van Nostrand 
Science Series. 



'Y'liEY are ptti up in a uniform, neat, and attractive form. iSmti, 
boards. Price jo cents per volume. The subjects are of a* 
eminently scientific character and embrace a wide range of topics, attd 
are amply illustrated when the subject demands. 

Ro. I. CHDCHEYS FOR FUHHACES AHD STEAM BOILERS, Br 

R. Aimatrong, C.E. Third American Edition. Revised ana 

Eartly rewritten, with an Appendix on "Theory of Chimney 
draught," by F. E. Idell, M.E. 
ITo. 2. STEAU-BOILER EXPLOSIONS. By Zerah Colburn, He* 

Edition, revised b.v Prof. R. II. Thureton. 
Ho. 3. PRACTICAL DESIGHIITG OF RETAIHIHG-WALLS. ^ 

Arthur Jacob, B.A. Fourth edition, with additions by Prof. 

W. Cain, 
Ho. 4. PROPORTIONS OF PINS USED IN BRIDGES. By Chtil« 

E. Bender, C.K. Second edition, with Appendi.\. 
No. s- VENTILATION OF BUILDINGS, By W. F. Butler. Secood 

edition, re-ediled and enlarged by James A. Greenleaf, CE. 

New edition in press. 
No. 6. ON THE DESIGHING AND COHSTRUCTION OF STORAGE 

Reservoirs, By Arthur Jacob. U,A, ,SecoTid American edition, 
revised, with additions by E. Sherman Could, 
No. 7, SITRCHARGED AND DIFFERENT FORMS OF RETAINDIG- 

wnlls, liy James S. Tate, C.E. 
Ho. 8. A TREATISE CM THE COMPOUND STEAM-ENGINE Bj 

John Tumbull, Ji-, 2nd edition, revised by Prof, S. W, Robinsuii 
No, 5. A TREATISE ON FUEL, By Arthur V. Abbott, C.E. Founded 

on the orif^nal treiitiae of C. William Siemens, D.CL. 
No. 10. COMPOUND ENGINES, Translated from the French of A 

Mallet. Second edition, revised with results of American R»o- 

tice, by Richard H. Buel, C.E. 
Ho. II. THEORY OF ARCHES. By Prof. W. AUan, 
Ho. 12. THEORY OF VOUSSOIR ARCHES. By Prof. Wm. CliB. 

Second edition, revised and enlarged. 
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Bd. 13. GASES MET WITH IN COAL MINES. By J, J. Atkinson. 

Third edition, revised, and enliirged by Edward H. Williams, Jr. 

C.E. lUustrated. 

. 16. GRAPHIC METHOD FOR SOLVIHG CERTAIN QUESTIOHS 

ill Arithmetic or Algebra. By Prof. G. L. Vose. Second 
edition. 



I John B. HcHaster, 

ir. SAFETY VALVES. By Richard H, Buel, C.E. Third edition. 
. Sherman Gould, M. Am. 

I, 23. THE FATIGUE OF METALS UNDER REPEATED STRAINS. 

With varioiw Tables of Results and E.\ peri men ts. From the 
German of Prof. Ludwig Spangenburgh, with a Preface by 8. H. 
Sbreve, A,M. 

1. 14. A PRACTICAL TREATISE OH THE TEETH OF WHEELS. 
By Prof, S, W, Robinson. 2tid edition, re\"ised, with additions. 

.. 35. THEORY AND CALCULATION OF CANTILEVER BRIDGES. 

By R, M. Wiicox. 



I. 27. BOILER INCRUSTATION AHD CORROSION. By F. 

Rowan. New edition. Revised and partly rewritten by F. ] 
Well, 
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Ho. 31. THE SANITARY COBDITIOM OF CITY AHD COTmlOT" 

Dwelling-houses. Jiy George E, Waring, Jr. Second edition, 
revised. 



Second edition. 
ITo. 3S. THE AHEROID BAROMETER: ITS COHBTRDCTIOIT ASD 

Plymptoii. Eighth edition. 

By J. Clerk Maxwell, M.A. Second 



No. 42. THEORY OF STEEL-CO HCRETE ARCHES, AKD OF 

Vftulted Structures. By Prof. Wm. Cain. Third edition, 

thoroughly revised. 
Mo. 43. WAVE AHD VORTEX MonOH. By Dr. Thomas Craig, 

of Johfia HopltLiia University. 
No. 44. TURBIME WHEELS. 

College. Second edition. 
No. 4S. THERMO-DYHAMICS. By Prof. H, T, Eddy, nniverHity 

of Cincinnati, New edition, in press. 
No. 46. ICE-HAEING MACHINES. From the French of M. Le Doux. 

Revised hy Prof. J. E. Denton, D, S. Jacobus, and A. Rieaenberger, 

Fifth edition, revised. 



No. 43. MOTION OF A SOLID IN A FUHD. By Thomas Craig, Ph.D, 



J 
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ff^DWELLIITG-HOUSES: THEIR SANITARY COHSTRUC- 

IJoQ and Arrangem nts. By Prof. W. H. C<irfield. 
6. SI. THE TELESCOPE : OPTICAL PRIBCIPLES IKVOLVED IH 
tbe Construction of Hpfmrtiiif; and Reflcc-t.ing Teliwcopcs, with 
a npw chapter on the Evolution of the Modern Telescope, and a 
Bibliography to date. With diajcrams and folding plates. By 
Thomaa Nolan. Second edition, remed and enlarged, 
b.SJ. IMAGINAHY QDAHTITIES: THEIR GEOMETRICAL IK- 
Wrpretation. Translated from the French of M. Argand by 
Prof, A, S, Hardy. 
la. 53. IHDUCTIOIT COILS: HOW MADE AFD HOW USED. 
Ele^'enth American edition. 



Bo. 56, THE ACTDAL LATERAL PRESSURE OF EARTHWORK. 

By Benj. Baker, M, Inst,, C.E, 
Ift 57. IMCAHDESCEHT ELECTRIC LIGHTIHG. A Practical Do- 
Bcription of the Edison System, By L. H, Latimer, To 
which ia added the Design and Operation of Incandescent Sta^ 
tions, by C. J, Field; and the Maximum Efficiency of Incandescent 
Lamps, by John W. Howell. 



lo. 59. RAILROAD ECONOMICS; OR, NOTES WITH COMMENTS. 

By S. W. Robinson, C-E, 
ft 60. STRENGTH OF WROUGHT-IRON BRIDGE MEMBERS, 

r By S. W. Robiniion, C.E, 

Wo. 61. POTABLE WATER, AHD METHODS OF DETECTING- 

[ Impurities, By M. N. Baker, 



Bo. 64. ELECTRO-MAGNETS. By A. N. Manrfeld. 

lo. 65. POCKET LOGARITHMS TO FOUR PLACES OF DECIMALS. 

Including Logarithms of Numbers, etc. 
Bo, 66. DYNAMO-ELECTRIC MACHINERY. By S. P. Thompson. 

With an Introduction by F. L, Pojit. Third edition, revised. 
Bo. 67. HYDRAULIC TABLES FOR THE CALCULATION OF THE 

Discharge through Sewere, Pipes, and Conduil.a, Based on 

"Kutte?H Formula." By F, J, Flynn, 



t 
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D. VAN NOSTRAND COMPANY'S 

Third editjoo, 

C. Foye. 7m 

, EXPLOSIVE UATERIALS. By Lieut John P. WisMr. 

By John HopUnson, J. 



no. 75. RECENT PROGRESS IN DYRAHO-ELECTRIC HACHUn 

Being a Supplement to " Dvniimcmlectric Machinery." 
Prof." Sylvanvia P. Thompson. 



No. 79. THE FIGURE OF THE EARTH. By Frank C. Roberts, C. 
FOUBDATIOBS FOR HOUSES. By GU 

No. 81. WATER METERS: COMPARATIVE TESTS OF ACCURAC 
Delivery, ec. Distinctive /eHtures of the Worthington, Kt 
nedy, SiEmins, and Heaae meters. By Robs E, Browne. 



By Prof. Henry S. 



No. 85. THE LUMINIFEROUS .ffiTHER. By Prof, De Volson Woe 

Ho. 86. HANDBOOK OF MINERALOGY: DETERMLNATIOH, 

Bcription, and Clasaification 1 f MiiieraJs Found i 
States. By Prof. J. C. Foye. Fifth edition, r 



Found bi ths i^t 
ion, revisod. J^H 
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Practical Formulas for their Resist- 



>. go. ROTARY MOTION AS APPLIED TO THE GYROSCOPE. 

By Major J- G. Kanu.rrf. 

.. 91. LEVELING: BAROMETRIC, TRIGONOMETRIC, AND 

Spirit, Hy Prof. I, (1, Duker, Ni^w Kditiciii 



to. 93. RECENT PRACTICE IN THE SANITARY DRAINAGE OF 

'^ Builtliiigs. With Memoranda on (lie ( 

Second edition, revised and enlarged, 
hard, C.E. 



Hy' 


f riQ 

VVillia 


il.iiiK Work, 
n Paul Cier- 


By 


Dr. 


C. Meymott 


By 


Isami 


Hiroi, 


C.E. 



I. TO. TRIPLE-EXPANSION ENGINES AND ENGINE TRIALS. 

lly Pmf. Osbome iieyJiulds. Edited with notea, etc., by F. E. 
Well. M,E, 

.. 100. HOW TO BECOME AM ENGINEER; or. The Theoretical 

and I'rnrtical TrainiriR nei-Fssiiry in Fitting tor the Diitius of 
llie Civil EngiiH'iT. lly l-rot, tieo. \V. Plymptoii. 

I. 101. THE SEXTANT, and Other ReSecting Mathematical Instru- 
ments. With I'raclieal iliiifji for their Adjuatinent and Use. 
By F. R. Brainarti, I'. H. Ka\y. 

I, 10a. THE GALVAinC CIRCUIT INVESTIGATED MATHE- 
lliat,icallv. By Dr. C. S. Ohm, KiTlin, 1X27. Tranalat«d l>y 
\rilliam FraiicLs, With Preface and \ot<3 by the Editor, Thomas 
R Lockwood. M,t.E,E, 
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No. to6. C0UPRE5SED AIR. Experiments upon the Transmission of 
Power by Compressed Air iii Paris. (I'opp's Syateiu,) By 
Prof. A. H. W. Kennedy. The TranBtniBsion aiiii DiEtribution 
of Power from Central Stationa by Compressed Air. By Pwl, 
W. C. L'nwin. Edited by F. E. IdeU. Third edition, 

no. 107. A GRAPHICAL METHOD FOR SWING BRIDGES. A 

Rational and Easy Graphical Analysis of the Stresaea in Oniiiuiry 
Swing Bridges. With an Introduction on the General TTieon' 
of Graphical Btatica, with Folding Plates. By Benjamin t. 

Ho. io8. SLIDE-VALVE DIAGRAMS. A French Method for Cod- 

struetiiig Slide-i alve Uiagrama, By Lluyd Hankson, B.S., 
Assistant Na\al ConEtructor, U. S. Navy. S Folding Platea. 

Ho. lop. THE MEASUREMEHT OF ELECTRIC CURREHTS. Elec- 
trical Measuring Instruments. l!y Janiea Swinburne. Melprs 
for Electrical Energy. By C. H. Wordingham. Edited, wilt 
Preface, bv T. Commerford Martin. With Folding Plata and 
Numerous llluatratioua, 

Vo. no. TRASSITIOH CURVES. A Field-book for Engineere, Cao- 
taininfi Rules and Tables for Laying out Trai4aition Curves. By 
Waller 0. Vox, C.E. 

Ho. iti. OAS-LIGHTIKG AND GAS-PITTDTG. Specifications and 

Rules' for Gas-piping. Notes on the Advantages of Gas for 
Cooking and Heating, and Useful Hints to Gas Consumera. Second 
edition, rewritten and enlarged. By Wm. Paul Gerhard, C.E. 



. 115. TRAVERSE TABLE. Showing the Difference of Latituft 
and Departure for Diatuncea Between 1 and lUU and for Angles to 
Quarter Degrees Between 1 Degree and 00 Degrees. tRepridled 
from Bcribiier's Pocket Table Book.) 
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, 117. PRACTICAL HYDROSTATICS, AHD HYDROSTATIC 1 

mulas. With Numerous IDustrativp FiguifiB and Numa 
Examples. By E. Sherman Gould. 



.. 119. LAY-OUT OF CORLISS VALVE GEARS. With Folding 
I'lttlei and Diagrams, lly Sunkird A Mijss, MS, I'h.U Ke 
printed from '-The American MBchitiwt," with revisinn.' nnd 
additions. 

I. no. ART OF GEHERATIKG GEAR TEETH. By Howard A. 
t'oomliB. With Fimires, (Diagrams and Kuldinf; I'l'itii' Ke- 
printed from the "American Sliiehinist," ,nPrtis 



W THIRD EDITION. REVISED. ' 

PocKet Size, Flexible Leather, 1,000 Pages, with tnnniiieraltle Piag 
Illustrations ami Tnhles. PIMCE, 1^5.00. 



[lECTRICAL [nCINEER'S pOCKETBO 
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